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THE NATIONAL RESEARCH PROGRAM OF THE
U.S. GEOLOGICAL SURVEY, WATER RESOURCES DIVISION
FISCAL YEAR 1994

Compiled by MARTHA L. NICHOLS

ABSTRACT

This report provides current information about the National Research Program (NRP) of
the U.S. Geological Survey's Water Resources Division (WRD) during fiscal year 1994.
Organized by NRP's six research disciplines—ecology, geomorphology and sediment
transport, ground-water chemistry, ground-water hydrology, surface-water chemistry, and
surface-water hydrology—the volume contains a summary of the problem, objective,
approach, and progress for each project that was active during fiscal year 1994. It also
contains bibliographic information that, because of the long-term nature of the program,
covers a 5-year period.

INTRODUCTION

This report, one in a series of annual reports, provides current information about the
National Research Program (NRP) of the U.S. Geological Survey's Water Resources Division
(WRD) during fiscal year 1994. Organized by NRP's six research disciplines, the volume
contains a summary of the problem, objective, approach, and progress for each project that
was active during fiscal year 1994. It also contains bibliographic information that, because of
the long-term nature of the program, covers a 5-year period. The bibliographic information
does not include abstracts or informal reports. Rather it contains those reports that are
readily available in the form of journal articles, U.S. Geological Survey (USGS) publications,
book chapters, or books.

BACKGROUND

The National Research Program has been an integral part of the U.S. Geological
Survey's Water Resources Division since the late 1950's. The NRP conducts basic and
problem-oriented research in support of the mission of the U.S. Geological Survey. Relevant
hydrologic information provided by the USGS is available today to assist the Nation in
solving its water problems because of a conscious decision made in years past to invest in
research. The NRP is designed to encourage pursuit of research topics aimed at providing
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new knowledge and insights into varied and complex hydrologic processes that are not well
understood. The emphasis of these research activities changes through time, reflecting the
emergence of promising new areas of inquiry and the demand for new tools and techniques
with which to address water-resources issues. Knowledge gained and methodologies
developed in this program apply to all of the hydrologic investigations of the USGS, to the
water-oriented investigations and operations of other agencies and to the general scientific
community. Through the years, many of the Geological Survey's major research and
resource assessment initiatives related to existing and emerging national water-resources
problems have had their origins in the NRP.

Since its beginning in the late 1950's, the NRP has grown to encompass a broad
spectrum of scientific investigations. The sciences of hydrology, mathematics, chemistry,
physics, ecology, biology, geology, and engineering are used to gain a fundamental
understanding of the processes that affect the availability, movement, and quality of the
Nation's water resources. Results of NRP's long-term research investigations often lead to
the development of new concepts, techniques, and approaches that are applicable not only to
the solution of current water problems but also to future issues that may affect the Nation's
water resources. Basic tools of hydrology that have been developed by the NRP include
ground-water modeling, geochemical modeling, and regional flood frequency analysis. These
and other tools developed by the NRP are in common use today throughout the USGS, in
other agencies, and in the private sector.

In consultation with NRP managers and research advisors, NRP projects set long-term
research goals. Projects typically conduct research during a period of several years as studies
progressively resolve questions of great complexity. In conducting such long-term efforts,
most projects employ a combination of detailed field observations, laboratory experiments and
analyses, and some kind of conceptual or mathematical modeling of the processes involved.
Often, NRP projects cooperate with WRD District projects and other NRP projects to conduct
multidisciplinary studies—combining, for example, ground-water flow with ground-water
chemistry or surface-water chemistry and ecology.

ORGANIZATION OF THE NATIONAL RESEARCH PROGRAM

The NRP is located principally in Reston, Virginia; Denver, Colorado; and Menlo Park,
California. A Chief, Branch of Regional Research (BRR), at each location is responsible for
managing the program and serves as a liaison with the WRD's operational program. The
Chief, BRR, reports directly to the Chief, Office of Hydrologic Research, who oversees the
entire program. Organized into about 120 projects, the NRP program has a permanent staff
of approximately 290 individuals and a nonpermanent staff that is made up primarily of
university students and faculty.

2 NATIONAL RESEARCH SUMMARY 1994



For technical administration, the NRP is subdivided into six disciplines with a Research

Adviser and Assistant Research Adviser assigned to each. The Research Advisers serve as a
peer resource to the research projects and as a technical consultant to management. The six
research disciplines, the scope of their activity, and the emphasis of current study are listed
below:

1

)

3)

Ecology.—Concerned with biological and microbiological processes that affect the quality
of water. To improve understanding of the biological effects of stress, hydrologic events,
and climatic trends, the solute composition of and solute transport in surface and
subsurface waters are investigated and studies are made of the response of organisms to
environmental factors. Current investigations include studies of the influence of
microbial processes on the fate of hazardous substances in ground water; the effect of
geochemical processes on the transfer of hazardous substances to food chains that could
include humans; the effect of hydrologic processes and associated environmental variables
on the composition of benthic and pelagic communities; the use of organisms to help
quantify and identify hydrologic events, such as floods or stress inputs; and the effect of
microbial production and transformations of organic materials in the carbon, nitrogen,
and sulfur cycles. Most studies are process-oriented and emphasize the interaction of .
physical and chemical aspects of hydrology with biological processes. The types of
hydrologic regimes included in these ecological investigations range from ground waters
to lakes, rivers and estuaries, and from coastal wetlands to forests and deserts.

Geomorphology and sediment transport.—Focuses on the understanding of channel
morphology and erosional processes that govern the source, mobility, and deposition of
sediment. Currently, research is aimed primarily at providing the capability for
deterministic and stochastic modeling, modeling sediment transport in alluvial channels,
and assessing the causes of changes in stream-sediment loads with time and the rates at
which rivers adjust to changes in the quantity of water and sediment contributed to the
channel.

Ground-water chemistry.—Concerned with inorganic, organic, and biochemical reactions
affecting natural and contaminated water in relation to mineralogic, geochemical, and
hydrologic conditions in the ground-water environment. Laboratory research includes
studies of the kinetics and mechanisms of electron-transfer reactions between mineral
surfaces and aqueous solutions, the adsorption behavior of inorganic and organic solutes
on particulate surfaces, the kinetics of silicate and carbonate mineral dissolution and
crystal growth, isotopic fractionation in mineral-water-gas systems, the exchange
properties of clays, and the thermodynamics of solubility and coprecipitation phenomena.
Field studies involve controls of mineral-water-gas reactions in a wide variety of
hydrochemical environments including shallow ground-water systems, regional aquifer
systems, deep sedimentary basins and subsurface brines, geothermal systems, freshwater-
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®

(6

4

saltwater interfaces, and the unsaturated zone. Studies include investigations of the
degradation of organic matter and attenuation of toxic metals in environmentally stressed
hydrochemical environments, relations between water quality and human health and
disease, and physical and chemical processes affecting dispersion of dissolved solutes.
Extensive applications of isotope data are made to identify water sources, cross-
formational leakage, water age, paleoclimatic conditions, and reactants and products in
the ground-water environment. Current modeling research focuses on the speciation of
metals and other dissolved solutes in natural and contaminant waters, prediction of the
thermodynamic properties of mineral-water reactions in ground-water systems, including
brines and other highly saline fluids, prediction of chemical and isotopic evolution in
water-rock systems, and age-dating ground water. ‘

Ground-water hydrology.—Focuses on developing understanding and techniques for
evaluating and predicting the quantity and quality of water moving through porous and
fractured media in order to effectively manage ground-water resources. Research into the
role of the unsaturated zone is being conducted to provide information needed to evaluate
ground-water conservation and management practices, such as artificial recharge,
phreatophyte control, and the reduction of evapotranspiration. Currently, investigations
of land subsidence are underway as are studies to determine how fracture zones,
permeability distributions, and geothermal conditions affect, or are affected by,
subsurface hydrologic processes. Comprehensive studies in borehole geophysics are
being conducted to improve the resolution and effectiveness of these subsurface
techniques. Efforts also are being made to develop new models and to refine existing
two- and three-dimensional models for use in understanding flow and solute transport in
porous media in both the saturated and unsaturated zones. Parameter-estimation
techniques to enhance and assess model accuracy also are being developed.

|
Surface-water chemistry.—Involves an assessment of natural and m\)ntaminant chemicals in
water and sediment, as well as the study of fundamental chemical and biochemical
processes that affect the movement of organic and inorganic solut%:}s and gases through
primarily surface-water systems. Projects now underway include icharacterization of
natural and manmade organic substances, identification of organic pollutants in natural
waters, interaction of trace metals and radionuclides with natural organic substances and
sediments, study of biodegradation processes of organic compounds, study of climate and
carbon fluxes, hydrochemistry and paleoclimatology in arid regions, investigations of
nutrient and metal fluxes in natural-water systems, study of the effect of contaminated
precipitation on corrosion of building materials, and study of the effects of acid rain on
water quality. ;
I
Surface-water hydrology.—Stresses studies to develop understanding and techniques
needed to improve the ability to predict the occurrence, distribution, movement, and
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quantity of the Nation's surface-water resources, and to explain quantitatively how these
resources may be affected by natural or human-induced changes. Ongoing projects
generally can be grouped into studies of: (a) all hydrologic processes that govern the
infiltration, evapotranspiration and runoff from basins, especially as they relate to an
analysis of the effect of land uses such as surface mining, agriculture, and urbanization;
(b) the laws of random processes and how these laws are related to the statistics of
extreme events, such as floods, droughts, or other natural hazards; the areal distribution
of hydrologic information; and the accuracy and reliability of deterministic models of
hydrologic systems; (c) the hydraulics or hydrodynamics of flow in single or multi-
dimensional surface-water systems, and how this flow is related to the safety and welfare
of people that encroach on the water body; (d) the sources, transport, and fate of
constituents that are related to water quality in surface waters; and (e) the accumulation,
movement, and melting of snow or ice, particularly the ways in which the presence of
affects climate, water supply, and (or) safety.

TECHNOLOGY TRANSFER

The dissemination of the new understanding and techniques that are developed by the

research projects is considered an important NRP activity. Results from NRP studies are

ublished in appropriate publication outlets to assure wide dissemination of research results.

utlets include refereed scientific journals and USGS Water-Supply Papers and Professional

pers. Knowledge of new techniques for hydrologic investigations, such as: sampling
methods, laboratory methods, or mathematical models, and other research results is
transferred to the scientific community and to the public through presentations at professional
society meetings and other scientific and public gatherings as well as through publications.
Furthermore, to disseminate research knowledge within and throughout the USGS, project
personnel conduct appropriate USGS training courses, collaborate with and advise other
USGS scientists, and provide technical programmatic advice to USGS management.

\

This report is intended to help with technology transfer by describing the work in
progress, the expertise, and most importantly the publications produced by the NRP. Readers
are encouraged to seek copies of these publications from the specific NRP project that
prepared them. Addresses and phone numbers of Project Chiefs are provided in the text.
For the reader's convenience two appendices are provided. The first is arranged
alphabetically by the name of the Project Chief and the second is arranged alphabetically by
topic.

TECHNOLOGY TRANSFER 5






RESEARCH DISCIPLINES AND PROJECTS

ECOLOGY

ECOLOGY 7



ECOLOGY

TITLE: Interactions Between Organic Solutes and Trace Metals in Natural Waters,
and Their Ecological Role (CR 84-286)

PERSONNEL: Diane M. McKnight, Project Chief

Debra A. Litwin, Secretary James McGutchen, Student
Richard A. Harnish, Hydrologist (University of Colorado)
Michael W. Anthony, Student Sarah A. Spaulding, Student,

(Colorado State University)

ADDRESS: U.S. Geological Survey
3215 Marine Street
Boulder, CO 80303

TELEPHONE: (303) 541-3015

PROBLEM: Aquatic humic substances and other classes of dissolved organic material
present in natural waters can control the biogeochemistry of trace metals and other solutes
and can influence ecological processes in lakes and streams. The nature and reactivity of the
dissolved organic material is in turn influenced by biological, chemical, and physical
processes occurring in the aquatic environment. Recent advances in isolating and
characterizing different fractions of the dissolved organic carbon (DOC) and in measuring
rates of microbial processes can be used to advance the understanding of the dynamic
relationship between aquatic biota and dissolved organic material and trace metals in different
environments.

OBJECTIVE: (1) Determine the processes involved in the biogeochemistry of dissolved
organic material and selected trace metals in several aquatic environments; (2) Describe the
temporal and spatial dynamics controlling the concentration and chemical speciation of trace
metals and DOC in aquatic environments; (3) quantify carbon and nutrient flux and other
ecological processes involving dissolved solutes in aquatic ecosystems over a range of spatial
and temporal scales.

APPROACH: (1) Use conventional and newly-developed methods to isolate and characterize
aquatic and humic substances and other organic acids from samples collected at several on-
going field sites; (2) conduct potentiometric titrations and other laboratory experiments to
determine the dependence of copper and iron complexation by humic substances and other
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organic fractions on pH and counterion concentration; (3) conduct field studies of
biogeochemical interactions between dissolved organic material and trace metals. Field sites
include two mountain streams, a shallow ground-water system and several lakes in Colorado;
(4) conduct field research at lakes and ponds in the Dry Valleys in Antarctica to determine
the carbon and nutrient cycling in ecosystems with only autochthonous production by algal
and microbial processes; (5) Evaluate global scale interactions involving dissolved organic
material and trace metals.

PROGRESS: A study of the temporal and spatial dynamics of trace metals and natural
organics in St. Kevin Gulch, a mountain stream, has shown that even at neutral pH,
photoreductive dissolution of hydrous iron oxides is an important process. We characterized
dissolved fulvic acids and colloidal organic material from three lakes in Loch Vale, the
Water, Energy, and Biogeochemical Budgets (WEBB) site in Rocky Mountain National Park.
We found that colloidal organic material was a more important fraction in the subalpine lake
than in the alpine lake where algal organic sources predominate. In previous research, we
have developed a way to evaluate dissolved organic carbon (DOC) sources by plotting atomic
C/N ratios versus the ratio of aromatic and aliphatic carbon. We are examining this approach
in Loch Vale by segregating samples from the alpine and subalpine parts of the watershed.
We are conducting a study of polar desert lakes and streams in Antarctica, through the
National Science Foundation (NSF)-Division of Polar Programs supported Long-Term
Ecological Research (LTER) project. This past season the antarctic research included
measurements of streamflow, mapping of algal distribution, and quantification of geochemical
reactions in the substream zone. We have conducted a study of radionuclide transport at the
Rocky Flats Plant; results indicate that interaction with organic-rich colloids are important in
transport, and that complexation by dissolved fulvic acid controls the chemical speciation of
dissolved plutonium.

REPORTS PUBLISHED 1989-1994:
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Thurman, E.M., 1992, Isolation of hydrophilic in water: Chelsea, Mich., Lewis Publishers, p.
organic acids from water using nonionic 75-88.
macroporous resins: Organic Geochemistry, v.
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TITLE: The Role of Chemical Fluxes in the Biogeochemistry of Inland Surface
Waters, Including Lakes, Reservoirs, and Wetlands (CR 85-293)

PERSONNEL: James W. LaBaugh, Project Chief
Evelyn R. Warren, Office Auto. Assist.
Lana K. Gerlick, Office Auto. Clerk

ADDRESS: U.S. Geological Survey
P.O. Box 25046, MS 413
Denver Federal Center
Denver, CO 80225

TELEPHONE: (303) 236-4989

PROBLEM: Most studies of the biogeochemistry of inland aquatic ecosystems have been confined
to processes within the water body. The effect of ground-water fluxes to the water body on ecosystem
biogeochemical processes has been ignored. Detailed studies of all external chemical fluxes and their
relationship to the supply and loss of biologically important chemical elements are virtually
nonexistent, particularly for aquatic ecosystems lacking channelized surface-water inflow and outflow.
Research on these external fluxes and their quantitative significance is critical for decision makers
responsible for water quality and biological productivity of lakes, reservoirs and wetlands.

OBJECTIVE: The primary objective of hydrological-biogeochemical interaction research is to
understand relative contribution of all hydrologic processes controlling fluxes of biologically important
chemical elements between surface waters and their watersheds. The importance of different transport
pathways affecting the supply and loss of those elements from surface water will be quantified.
Although this research will emphasize experimental field work, conceptual models of hydrological-
biological interactions will be used to identify important mechanisms to be investigated further in the
field.

APPROACH: The supply and loss of biologically important chemical elements in surface waters
(lakes, reservoirs, wetlands) will be quantified by field sampling and experimental studies at existing
experimental field sites that have been the subject of intensive hydrologic research including onsite
measurement of the entire hydrologic cycle. Field data will be used to develop empirical models and
calibrate conceptual models of hydrological-biogeochemical interactions.

PROGRESS: Coauthor of one published report (U.S. Geological Survey Water Fact Sheet) and two
reports in press (journal-Limnology and Oceanography, and U.S. Geological Survey Public Issues in
Earth Science Circular), two reports submitted to journals, a chapter written for U.S. Fish and
Wildlife Service Biological Report submitted for Survey approval, and two chapters written for U.S.
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Geological Survey Water Supply Paper (all of the latter five as senior author). Prairie wetlands in the
same wetland complex (Cottonwood Lake area, North Dakota) were found to respond in different
ways to common changes in climate conditions over a 27-year period of study puncutated by
intermittent wet and dry conditions, including drought and high water levels of historic magnitude.
These data indicate the importance of understanding the hydrological processes that result in changes
in aquatic ecosystems before those changes are used to interpret changing climate conditions.
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56-90. Shingobee River headwaters area: U.S. Geo-
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1991, Spatial and temporal variation in Report 93-446, 2 p.
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LaBaugh, J.W., in press, Prairie pothole wetlands,
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Aquatic Ecosystems in semi-arid regions:
Saskatoon, Saskatchewan, Environment
Canada, The National Hydrology Research
Institute Symposium Series 7, p. 149-162.
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TITLE: Microbial Transformation of Dissolved Organic Carbon in Aquatic Environments
(CR 86-295)

PERSONNEL: Richard L. Smith, Project Chief
Betty L. Callahan, Secretary
Myron H. Brooks, Research Chemist
Craig Walker, Student

ADDRESS:  U.S. Geological Survey
3215 Marine Street
Boulder, Colorado 80303

TELEPHONE: (303) 541-3032

PROBLEM: Although it is recognized that micro-organisms play an important role in the
transformation of organic compounds in aquatic habitats, very little is known about the exact nature of
these transformations in either pristine or contaminated environments. Within the context of in situ
environmental conditions, the mechanisms, pathways, rates, and factors controlling carbon cycling by .
micro-organisms are poorly understood; however, these particular processes can significantly affect
the entire range of biogeochemical and geochemical processes occurring within the aquatic
environment.

OBJECTIVE: Study the mechanisms, pathways, and rates of transformation of organic compounds
(natural and contaminant) mediated by micro-organisms in aquatic habitats and identify some of the
factors controlling these transformations. Examine the effect that these transformations have upon
other biogeochemical processes.

APPROACH: Select a pristine alpine stream, an amictic Antarctic lake, and a sewage-contaminated
aquifer as the habitats of primary focus. Determine microbial processes in both water and sediment
samples by use of tracer techniques for laboratory and field studies. Develop sample-handling
techniques needed to maintain in situ conditions. Employ experiments with isolated cultures of
micro-organisms, when necessary, to help interpret the results obtained with natural samples.

PROGRESS: (1) A field trial was conducted to investigate denitrification (the microbial reduction of
nitrate to nitrogen gas) as a bioremediation mechanism to treat nitrate contamination in ground water,
Sodium formate was continuously injected for 16 days into a nitrate-contaminated aquifer to stimulate
in situ denitrification. The experiment was successful. The injection reduced ground-water nitrate
concentrations by 73 percent at a sampling well located 10 meters downgradient from the injection
well. However, the response time by the ground-water bacteria was longer than anticipated and nitrite
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concentrations increased. Therefore, more research is needed to learn how to better apply the
approach to the ground-water environment.

(2) A natural gradient tracer test was conducted at the USGS ground-water toxics site at Cape Cod,
Massachuseets, using >N enriched nitrate to measure the in situ, endogenous activity of denitrifying
bacteria in a nitrate-contaminated sand and gravel aquifer. Enrichment of >N in nitrite, nitrous oxide,
and nitrogen gas was detected after 30 days of transport, but the rate of activity was slow as compared
to the rate of nitrate transport. A transport model that can be used to determine the rates of the
individual steps of the denitrification pathway based on these breakthrough curves is currently being
developed. The tracer test-model approach will be applicable to measure other terminal electron-
accepting, microbial processes in ground water.

(3) A study was completed testing the ability of a genetically-engineered micro-organism (GEM) to
survive in sewage-contaminated ground water. The purpose was to test the utility of using GEMs for
ground-water bioremediation and to determine whether they could compete with indigenous
populations of micro-organisms for the long term in different geochemical conditions. The organism
that we tested survived for more than 15 months in contaminated ground-water, but rapidly declined in
uncontaminated areas. We used gene probes specific for the organism, to conclude that there was
some potential for gene exchange between the introduced bacterium and the native ground-water
populations.
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TITLE: Characterization of Biotic and Biogeochemical Interactions at Environmental
Interfaces (CR 91-320)

PERSONNEL: Robert G. Striegl, Project Chief

Evelyn R. Warren, Secretary Patrick G. Hern, Student

Edward A. McConnaughey, Hydrologist (University of Colorado)
Kimberly Wickland, Biologist Catherine Michmerhuizen, Student
Lana K. Gerlick, Clerk (University of Minnesota)

ADDRESS:  U.S. Geological Survey
P.O. Box 25046, MS 413,
Denver Federal Center,
Denver, CO 80225

TELEPHONE: (303) 236-4993 .

PROBLEM: Recent increases in the atmospheric concentrations of carbon dioxide and methane
have emphasized the need for a more complete understanding of the processes that control carbon
transfer among air, land, and water. Knowledge of the amount, rate and chemical form of carbon
transfer across environmental interfaces, such as the land-air and water-air interfaces, is of particular
importance. These fluxes are commonly controlled by a combination of physical, biological, and
chemical processes at or near the interface. Isolation of the primary mechanisms that determine
carbon transfer across the interface allows for development of process-based models that can be used
for carbon mass-transfer estimates at the ecosystem or landscape scale. This process-based knowledge
is also useful for prediction of the long-term effects of land- or water-use change on carbon mass
transfer rates. -

OBJECTIVE: Characterize and quantify the carbon transfers that naturally occur across
environmental interfaces, and isolate the physical, biological and chemical controls of those fluxes.
Where possible, evaluate the effects of environmental change on the observ¢qi interactions. Develop
process based models that explain field and laboratory observations. ‘

APPROACH: Select field sites that represent a range in abiotic and biotic conditions that control
carbon transfer across environmental interfaces, and systematically measure relevant control variables
and fluxes. Conduct field and laboratory experiments to test hypothesized interactions. Current
investigations are focused on characterization of carbon dioxide and methane transfer across land-air
and water-air interfaces. Emphasis is placed on the physical and geochemical properties that control
carbon dioxide and methane transport and on factors that control the productlon and consumption of

these gases by microbiota in soil, fresh water, and sediments.
|
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PROGRESS: Research is underway at the Boreal Ecosystem Atmosphere Study (BOREAS) site in
Saskatchewan, Canada. We are studying the influence of forest clear-cut practices on carbon dioxide
and methane flux in Jack Pine forest.

A test hole was drilled to the water table in the Amargosa Desert, Nevada, and gas sampling ports
were installed throughout the overlying unsaturated zone. Study of the upward migration of carbon
dioxide and water vapor from the water table to the atmosphere is ongoing.

Study of methane cycling in the North temperate lakes region indicate that up to 80 percent of CH,
released from lake sediments is oxidized in the water column. The remainder is released to the
atmosphere. Spring release of CH, accumulated in lake water under-ice cover was measured at 20
lakes in Minnesota and Wisconsin during the spring of 1993. The magnitude of these fluxes was
related to lake landscape position and hydrogeologic setting. Springtime CH, flux estimates are being
made for the United States portions of the north temperate lakes region. Measurements of
atmospheric CO, exchange with lakes at the Interdisciplinary Research Initiative (IRI) site indicate that
some lakes in the same watershed continually de-gas CO, throughout the summer, while others
continually uptake CO,. Chemical and biological control of these processes are being studied.

Numerical modeling of gas movements in and near static chambers placed on the soil surface indicates
that the chambers substantially under measure actual flux. The chambers actually disrupt the gradient
(and decrease the flux) that they are intended to measure. Field measurements verify the predicted
decrease.
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Calcium proton exchange during algal
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TITLE: Interdisciplinary Research Initiative (IRI) at the Shingobee Headwaters Research
Area, Minnesota (CR 90-323)

PERSONNEL: Thomas C. Winter, Project Chief
Dennis Merk, Technician /

ADDRESS: U.S. Geological Survey
P.O. Box 25046, MS 413
Denver Federal Center
Denver, CO 80225

TELEPHONE: (303) 236-4987

PROBLEM: Many advances in hydrologic research are limited by the lack of communication
between specialists in the large number of disciplines involved in studying the hydrologic system. For
example, nearly all specialists need estimates of the fluxes to and from the component of the
hydrologic system with which they are dealing. Lack of interaction among specialists studying the
interfaces of hydrologic components such as at the ground-water-surface-water interface, or the earth-
atmosphere interface has stymied progress in understanding the mutual interdependence of physical,
chemical and biological processes on the site scale as well as on the landscape scale. Ecosystems that
integrate all components of the hydrologic system and all phases of matter, such as lakes, are in
greatest need of interdisciplinary research.

OBJECTIVE: The Interdisciplinary Research Initiative (IRI) was designed to focus attention on lakes
and their contiguous watersheds. Lakes were selected because they are important aquatic systems that
integrate a large number of processes within their watersheds, and they have great importance to
society. Initial efforts will focus on the carbon cycle at two contrasting lakes and a few wetlands.

APPROACH: The basic question with respect to comparing carbon cycling processes relates to lake-
water residence time: how do lakes that have a short residence time because of large streams entering
and leaving them and that are presumably dominated by external fluxes, differ from those that have a
long residence time because they have no streams or very small streams entering and leaving them and
that are presumably dominated by internal cycling? Field experiments for both terrestrial and aquatic
systems will be selected jointly by all interested specialists and sampled for physical, chemical, and
biological characteristics so that all involved will be working with a common data base on common
problems.

PROGRESS: In addition to continuing to monitor a large array of climate variables, ground-water

levels, and stream discharge, specific research at the IRI site concentrated on: (1) biogeochemistry of
the hyporheic zone along the Shingobee River, (2) present and paleo-ecological characteristics of the
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Little Shingobee fen, (3) small-scale hydrologic and geochemical processes in the near-shore and
hyporheic zones on the inflow and outflow sides of Williams Lake, and (4) gas fluxes from Williams
Lake following ice-melt.

The study of small-scale ground-water flow and geochemical processes along the edge of Williams
Lake involved collection of hydraulic head gradients and water samples for major ion chemistry and
environmental isotopes along two transects on the inseepage side and two transects on the outseepage
side of the lake. The data were collected during two field trips, immediately after ice-melt in spring
and in midsummer. The head and chemistry data both indicated the commonality of flow reversals
related to focused recharge that occurred in early spring due to snowmelt and spring rains.

The paleoecological studies of the fen and of the lake sediments indicated that the major climate
changes that occurred since the last ice age are recorded in the sediments at the study site. This
record will be useful in relating the present day processes that are being monitored and studied to
climate changes over the past 13,000 years.

The studies of the hyporheic zone along the Shingobee River have indicated the importance of
understanding the biogeochemical transformations that take place in the several decimeters of sediment
directly underlying the river. These studies have been expanded to include the relatively large
contribution of water and solutes from springs along sections of the river bank.

A large number of papers reporting results from the IRI studies were presented at scientific meetings,
including, the Geological Society of America, Minnesota Lakes Association, American Geophysical
Union (fall meeting), American Geophysical Union (Ocean Sciences Meeting), North American
Bethological Society, American Chemical Society, American Society of Limnology and
Oceanography, Society of Wetland Scientists, and the American Quaternary Association. The fall
American Geophysical Union meeting had nearly half of a session devoted to IRI and the Society of
Wetland Scientistis meeting had a full session devoted to the Little Shingobee fen.
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TITLE: Limnological Phenomena in Impounded Rivers (CR 91-325)

PERSONNEL: G. Richard Marzolf, Project Chief
Darlene Puhr, Secretary

ADDRESS: U.S. Geological Survey
P.O. Box 25046, MS 458
Denver Federal Center
Denver, CO 80225

TELEPHONE: (303) 541-3040

PROBLEM: Dams have been built in this century that impound virtually all major rivers in the
United States. The purposes vary and include flood control, navigation, hydropower generation, and
storage for irrigation and domestic uses. About 2,500 reservoirs of 5,000 acre-feet or more, store
about 480 million acre-feet, about 1/4 of the annual runoff. Storage capacity is dominated by large
reservoirs such that the 600 largest store more than 90 percent of the total. Lake Powell, behind Glen
Canyon dam, stores water (about 27 million acre-feet) in the upper basin of the Colorado River for
controlled release according to the Colorado River Compact (8.23 million acre-ft per year) and to
generate electricity for sale to consumers in the southwestern United States (about 80 percent of the
generating capacity of the Colorado River Storage Project). Phenomena that control the quantity
(evaporation, losses to ground water, consumptive uses in the basin, regional drought or El Nifio
effects, and so forth) and (or) quality (salinity (chemistry), productivity, sediment-water column
exchange, and so forth) of Lake Powell waters are not understood.

OBIJECTIVE: General: To continue review of literature and of historic data sets, to continue field
reconnaissance, and to development long-term monitoring and research with the National Park Service
and the Bureau of Reclamation, the agencies with management and regulatory responsibility for Lake
Powell.

Specific: To initiate investigation of basic processes that mediate water quality in Lake Powell; and, to
couple understanding of processes in Lake Powell to management of water quality of the Colorado
River in the Grand Canyon National Park.

APPROACH: Several approaches have been explored, including (1) using of LANDSAT imagery,
(2) examining sediment and benthic chemistry, (3) examining productivity and water chemistry work
in the tailwaters of Glen Canyon Dam, and (4) initiating work on nutrient and trophic gradients in
Navajo Canyon.
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PROGRESS: Physical processes and biological responses: The reconnaissance profiling work in Lake
Powell with data logging conductivity/temperature/depth (CTD) instrumentation that was started in
1992 is now complete.

Sediment chemistry and benthic phenomena: The sampling phase of this study is complete. In the
1993 "shake-down" phase, 40 sediments cores and 30 benthic invertebrate samples were collected
from transects across the Colorado River arm of Lake Powell from near Hite, Utah, to Lower Good
Hope Bay in Lake Powell. Preliminary analysis of these cores was performed and used in the design
of 1994 sampling. The same transects of the Colorado River arm were revisited and a parallel set of
cores and benthic invertebrate samples were collected from sediments in the San Juan arm (from
Nokai Wash to Upper Piute Bay). There are about 140 cores in this set. The analysis has been
delayed by a shortage of technical help but it should be completed by fall 1994.

Diel cycles in the Lees Ferry tailwater: Hypolimnetic water from Lake Powell, released through Glen
Canyon Dam, is clear and cold (7-12°C since the reservoir first filled in 1981). The nitrate
concentration is high (0.30-0.40 mgN/L). Ammonia and soluble phosphorous concentrations are low
(less than detection limit of 2.5 fg N or P/L).

Estimates of the magnitude of primary production have been difficult to achieve in this reach of the
river. Cladophora is not evenly distributed on the substrate, so even precise measurement of carbon
fixation or photosynthetic oxygen production on a given piece of substrate placed in a chamber for the
measurement, yields the statistical problem of assessing the spatial variation and calculating an integral
rate of photosynthesis for the reach.

The approach of measuring diurnal changes in ambient oxygen concentrations is compromised by high
turbulence, crude bed roughness estimates required to assess it and the resultant diffusive exchange
with the atmosphere. All this may "swamp" photosynthetic oxygen addition beyond useful correction.
However, oxygen concentrations at the dam are often below saturation and the few measurements that
have been made suggest that full aeration is not realized until some distance below the Paria riffle,
some 30 km downstream from the dam.

Similarly diel changes in nitrate concentrations are difficult to observe because the NO;-N
concentrations are so high. Diel ammonia or phosphorus changes were not seen because
concentrations were below detection limits on rare occasions when those observations were made.
The search for chemical changes mediated by photosynthetic activity will require careful measurement
and analysis at short time intervals through a diel cycle.

The most likely time to observe such change is when Cladophora biomass is high, when daylength is

maximal, when discharge is low, and when measurements are made in water near the shore (brighter
light, lowest turbulent dilution).
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A minimum flow of 227 m%/s (8,000 ft*/s) for aerial photography in Grand Canyon was scheduled for
three days at the end of May 1994. Short interval sampling on the second of these days (3 sensors
sampling at 4 minute intervals and water sampling at 15 minute intervals from before dawn until after
dark) revealed significant changes in temperature, pH, oxygen concentration, specific conductance,
nitrate, and total soluble phosphorus. Analyses are incomplete but the approach has been shown to
yield interpretable information, so investigation will continue.
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TITLE: Interaction of Bacteria with Environmental Contaminants and Solid Surfaces in the
Aquatic Environment (CR 91-327 formerly WR 86-191)

PERSONNEL: Ronald W. Harvey, Project Chief
Betty L. Callahan, Secretary
David W. Metge, Hydrologist

ADDRESS: U.S. Geological Survey
3215 Marine Street
Boulder, Colorado 80303-1066

TELEPHONE: (303) 541-3034

PROBLEM: Although efforts have been made to explain the behavior of heavy metals and
refractory organic contaminants in aquatic habitats in the framework of known geophysical and
geochemical processes, much remains to be learned about the role of bacteria in such behavior. Of
particular interest are bacteria-contaminant interactions in ground water. Because of the persistence of
some contaminants in the subsurface environment and because of increasing demands for both high-
quality ground water and on-land disposal of toxic chemicals and radioisotopes, these interactions
should remain important environmental problems for the next few decades. Because significant
biotransformation/biodegradation of many environmental contaminants in aquifers and particle-laden
surface waters can occur at particle surfaces, explanations for bacteria-contaminant interactions in such
environments should take the presence of particles into account.

OBJECTIVE: Provide some of the microbiological information necessary for realistic predictions of
contaminant behavior in aquatic environments. Obtain information on specific mechanisms of
interactions between environmental contaminants and aquatic bacteria, taking into account adsorption,
active uptake, competition, biotransformation reactions, interaction with extracellular polymers, effects
of nutrient and physicochemical gradients, and effects of particle surfaces. Investigate the effect of
nutrient and physicochemical conditions on subsurface transport of bacteria (because the role of
bacterial transport on the fate of environmental contaminants in ground water is unknown).

APPROACH: (1) Study the influence of solid surfaces on microbial activity and mobility in particle-
laden aquatic environments, particularly freshwater aquifers; (2) study the effect of organic
contaminants on the distribution, transport, and activity of the bacterial population and the nature of
the microbial community in ground-water habitats; and (3) conduct flow-through column experiments
to assess the role of adherent bacteria on the mobility and fate of selected inorganic and organic
contaminants in simulated aquifer environments. Conduct flow-through column experiments to
investigate factors affecting sorption and movement of bacteria in porous media.
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PROGRESS: Three papers on subsurface microbial transport and one paper on bacterial communities
in contaminated groundwater were published. Research was completed on the initial ground water-
protozoa grant funded by the National Science Foundation (NSF) (Principal Investigators: Nancy
Kinner (University of New Hampshire (UNH)), Ronald Harvey (U.S. Geological Survey (USGS)),
and Colin Curds (the Natural History Museum (NHM), London)]. Four papers involving results from
this research were presented at the International Symposium on Subsurface Microbiology (Bath,
United Kingdom, September 1993). Research was started on a new (continuation) NSF grant focusing
on the role of protozoa in groundwater microbial communities and in the fate of subsurface organic
contaminants at the USGS Cape Cod Toxic Substances Hydrology Research Site. The research again
involves a collaborative effort between the USGS, UNH, and NHM. Graduate students from the
University of Colorado (CU), working in the USGS Boulder research facilities on a joint U.S.
Environmental Protection Agency (USEPA) grant to the USGS and CU, successfully radiolabelled
selected components of PRD1 phage (bacteria-specific virus) by adding radiolabelled compounds to
chemically-defined, minimal media containing its growing host. This allowed important new
information to be collected on both the transport behavior and inactivation rate of the virus under
different geochemical conditions in flow-through, porous media columns. A series of ground water
injection and recovery experiments to examine the effects of surfactants and geochemical conditions
upon the transport behavior of virus, virus-sized microspheres, protozoa, and bacteria was initiated at
the USGS study site in Cape Cod. Collaborators include UNH, CU, and Oregon State University
(OSU). Funding is provided by the USGS, NSF, USEPA, and National Geographic Society. Dave
Metge (USGS) demonstrated the strong pH-dependency of bacterial sorption in the presence of
selected dissolved organic contaminants in saturated columns of aquifer sediments. The 1993 editor's
citation for excellence in reviewing was awarded to Ron Harvey by the editor-in-chief of Water
Resources Research. Ron Harvey also co-organized a series of microbiology sessions for the Second
International Conference on Ground Water Ecology (Atlanta in March, 1994).
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TITLE: Effects of Toxic Substances on Aquatic Communities
(CR 92-337 formerly WR 75-137)

PERSONNEL: Harry V. Leland, Project Chief
Debra A. Litwin, Secretary

ADDRESS: U.S. Geological Survey
3215 Marine Street
Boulder, CO 80303

TELEPHONE  (303) 541-3021

PROBLEM: Water pollution is principally a biological problem in that its primary effect is on
aquatic organisms. Yet, most pollution assessment emphasizes the measurement of chemical and
physical variables rather than responses of aquatic organisms to these variables. There are several
reasons for this contradictory emphasis on physiochemical variables, but perhaps the most compelling
is the lack of predictive information on responses of aquatic organisms, singly or in association, to
specific environmental factors. There is a need to evaluate the predictability of measurements based
on such biological responses with a view towards their greater acceptance in water-quality assessment
and towards development of methods for objectively defining relationships among biological and
physiochemical variables in aquatic ecosystems.

OBIJECTIVE: Determine through detailed studies of organisms, simplified ecosystems, and natural
sites, the extent to which waterborne contaminants and (or) disturbance affect the production and
structure of aquatic plant assemblages and the growth and reproductive capacity of aquatic animals.
Evaluate methods assessing effects of chronic exposure to contaminants and (or) disturbances on
individual species and natural aquatic communities.

APPROACH: Evaluate methods for assessing effects of waterborne contaminants released to the
environment, including tests of embryogenesis and growth in fishes, survival of critical life stages of
aquatic invertebrates, and population growth rate of algae. Determine physiochemical factors
affecting responses and bioaccumulation of these contaminants. Evaluate methods and results of
laboratory studies by field experiments. Determine the utility of biological test methods for detecting
and monitoring environmental concentrations of toxicants. Examine the factors (physiochemical and
biological) influencing responses of natural aquatic communities.

PROGRESS: The project chief provided continuing support to national, regional and study-unit
National Water Quality Assessment (NAWQA) personnel in the development of the ecological
assessment element of the program. Integrated analyses of data on distributions of aquatic
communities, water quality and physical characteristics (basin-, segment-, reach- and microhabitat-
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scales) of the Yakima River Basin in Washington and the San Joaquin River Basin in California were
completed. "Distributions of Phytobenthos in the Yakima River Basin, Washington, in Relation to
Geology, Land Use and Other Environmental Factors" is the first report from pilot ecological
investigations in the NAWQA program. It describes an appropriate approach for integrating
biogeographic, physical and chemical-quality data for synoptic (spatial distribution) studies in other
NAWQA study-units. Reports prepared on the composition and structure of aquatic communities
(phytoplankton, periphyton and benthic invertebrates) of the San Joaquin River and its tributaries in
relation to water quality, instream/riparian habitat, and land use consider both spatial and temporal
trend analyses. Three reports on San Joaquin River investigations are in review or preparation. The
San Joaquin River studies provide NAWQA study-unit biologists an appropriate approach to temporal-

trend assessment.
REPORTS PUBLISHED 1989-1994:

Cain, D.J., Fend, S.V., and Carter, J.L., 1989,
Temporal and spatial variability of arsenic in
benthic insects from Whitewood Creek, South
Dakota, in Mallard, G.E., ed., U.S. Geologi-
cal Survey Toxic Substances Hydrology
Program—Proceedings of the Technical Meet-
ing, Phoenix, Ariz.: U.S. Geological Survey
Water-Resources Investigations Report 88-
4220, p. 257-268.

Leland, H.V., in press, Distribution of phytoben-
thos in the Yakima River basin, Washington,
in relation to geology, land use and other
environmental factors: Canadian Journal of
Fisheries and Aquatic Sciences, v. 00.

Leland, H.V., Fend, S.V., Dudley, T.L., and Cart-
er, J.L., 1989, Effects of copper on species
composition of benthic insects in a Sierra
Nevada, California stream: Freshwater Biol-
ogy, v. 21, p. 163-179.

Leland, H.V., and Scudder, B.C., 1990, Trace ele-
ments in Corbicula fluminea from the San
Joaquin River, California: Science of the Total
Environment, v. 97/98, p. 641-672.

Scudder, B.C., Carter, J.L., and Leland, H.V.,

1989, Effects of copper on development of the
fathead minnow, Pimephales promelas Rafin-
esque: Aquatic Toxicology, v. 12, p. 107-124,

ECOLOGY 35



ECOLOGY

TITLE: Remote Sensing and Ecological Research in Wetlands (NR 73-090)

PERSONNEL: Virginia P. Carter, Project Chief
Carol L. Padgett, Secretary
Nancy B. Rybicki, Hydrologist
Christopher Lewis, Hydrologic Aid

ADDRESS: U.S. Geological Survey
430 National Center
12201 Sunrise Valley Drive
Reston, VA 22092

TELEPHONE: (703) 648-5897

PROBLEM: Wetlands are hydrologically controlled ecosystems essential to estuarine, marine,
lacustrine, and riverine productivity. To improve our understanding of these ecosystems we need
information on (1) wetland hydrologic variables/budgets and their relation to wetland vegetation and
nutrient cycling; (2) wetland dynamics and boundary fluctuations; (3) wetland functions and values;
and (4) short- and long-term temporal changes. Wetland plants may serve as sensitive hydrologic
indicators of water-quality parameters such as salinity, turbidity, pH, nutrients; presence of various
pollutants; or frequency and duration of inundation.

Submersed aquatic wetlands have many functions including (1) providing habitat for invertebrate
species; (2) providing food and (or) shelter for juvenile and adult fish, waterfowl, and other wildlife;
(3) retarding flow velocities, stabilizing bottom sediments, and slowing erosion; and (4) oxygenating
the water, recycling or transforming nutrients and heavy metals. Decline or disappearance of aquatic
plant communities or overgrowth of submersed vegetation under nutrient-enriched conditions is of
concern to scientists, ecologists, environmentalists, and managers. The facto;s affecting distribution
and abundance of submersed aquatic vegetation and the effect of submersed aquatlc vegetation on
water quality are poorly understood.

OBJECTIVE: (1) Determine factors responsible for the changing distributiomof submersed
macrophyte beds in the tidal Potomac River and other lacustrine and riverine environments; (2) study
processes controlling the survival, expansion, and decline of macrophyte populations; (3) determine
the effect of submersed macrophytes on water velocity, water quality, and carbon flux; (4)
characterize wetland transition zones and relate distribution of vegetation to soils, hydrology and
elevation; (5) examine seasonal and long-term changes in wetland ecology as related to changes in
environmental parameters including hydrology, water quality and land use; and (6) aid in the
development of models that utilize biological, hydrologic, and remotely sensed wetland data as part of
their primary data base. !
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APPROACH: (1) Conduct field and laboratory investigations of the factors affecting survival and
growth of submerged aquatic plants, (2) conduct field and laboratory experiments to measure
productivity and to determine the effect of submersed macrophytes on water quality and carbon flux,
(3) develop models illustrating relationships between plant success and other environmental factors, (4)
conduct studies on the hydrology and ecology of selected wetlands in the local area, at the Shingobee-
Williams Lake Watershed in Minnesota, and at the Water, Energy, and Biogeochemical Budgets
(WEBB) program site in Wisconsin.

PROGRESS: Continued research at the Allequash watershed in Wisconsin as part of the Water,
Energy, and Biogeochemical Budget (WEBB) thrust. The primary emphasis of the research is on the
effects of wetlands on carbon cycling and the identification of major carbon pools in the watershed.
We are working closely with members of the Wisconsin District office. Several vibracores were
taken in the primary wetland; they were sectioned, subsampled, and mailed to Reston, Virginia. We
are working closely with Geologic Division personnel to look at the carbon isotope concentration of
the peat, submersed and emergent macrophytes, and surface litter in the watershed. Preliminary
carbon isotope measurements from peat cores show considerable variability in the peat profile. Peat
depths were measured in the primary wetland and several other wetlands in the watershed.
Observation wells and piezometers were installed in the primary wetland and water level
measurements are being made monthly except during the winter. Water quality is being measured in
these wells as well. We have completed maps of the wetlands and lakes in each of the four
watersheds entering Trout Lake—Allequash, Mann, Stephenson, and North—and plan to digitize these
maps using the Geographic Information System (GIS) facility in Reston, Virginia.

Continued research in the Integrated Research Initiative (IRI) site in Minnesota. We completed the
stratigraphic profiling of the Little Shingobee Fen based on previous corings and took two additional
piston cores in the deepest part of the fen and over a shallow ridge which divides the fen into two
parts at the south end. These will be used for carbon isotope and pollen analysis. Stratigraphic
profiles of Little Shingobee Fen show that the fen began to form about 10,000 years ago in two deep
interconnected basins; early deposits were lake deposits and marl and later deposits show the presence
of emergent vegetation and trees. The deepest peat (17 meters) is found in the south end of the fen.
We installed additional piezometers in the south end of the fen for water level and water-quality
measurements. We also made diurnal measurements of dissolved oxygen and pH in the center and the
littoral zone of Williams and Shingobee Lakes to determine the effect of submersed aquatic
macrophytes on water quality in the littoral zone. Problems with the hydrolabs prevented us from
making maximum use of these data, and we plan to repeat the experiment when funding permits.
Organized and chaired a session on the IRI work at the Society of Wetland Scientists Meeting in
Portland, Oregon, in June 1994, and presented a paper on the vegetation and stratigraphy of Little
Shingobee Fen.
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Began a study of propagule availability in the tidal Potomac River. Previous work leads us to believe
that local increases in turbidity are primarily responsible for failure of certain areas in the river to
revegetate, but there is also the possibility that propagule transport into these areas is lacking or that
propagules transported to unvegetated sites during the growing season are not viable. We are testing
this hypothesis at three unvegetated sites (two previously vegetated, one never vegetated), using two
vegetated sites for reference. There are two manuscripts in press giving results of previous research
in the tidal Potomac River,"Role of weather and water quality in population dynamics of submersed
macrophytes in the tidal Potomac River and Estuary" (Estuaries) and "Invasions and declines of
submersed macrophytes in the tidal Potomac River and Estuary, the Currituck Sound-Back Bay system
and the Pamlico River Estuary" (Lake and Reservoir Management). Nancy Rybicki organized and
chaired a session on "Processes affecting submersed aquatic vegetation dynamics" at the Society of
Wetland Scientists Meeting in Portland, Oregon, in June 1994 and presented a paper on our laboratory
studies of the comparative growth of Hydrilla verticillata and Vallisneria americana under different

conditions of light and temperature.

Final manuscript on the hydrology and ecology of the western transition zone of the Great Dismal
Swamp of Virginia and North Carolina was published in Ecological Applications. Virginia Carter
presented the plenary address at the International Symposium on Wetlands: Ecological Gradients,
Boundaries, and Buffers in Niagara Falls, Canada, in April, 1994. Virginia Carter has also been
invited to be a member of the Environmental Task Force Wetlands Working Group, an interagency
Committee involved in determining the usefulness of classified data for mapping wetlands. Virginia
Carter still serves as technical consultant to the Branch of National Water Summary for the upcoming
National Water Summary on Wetlands. Virginia Carter consulted with the Mexican National Water
Commission on a recently completed study of the lagoon-wetland system of the Tamesi River in the
Mexican state of Tamaulipas, spending a week in Mexico at the expense of the Mexican Government.
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TITLE: Modeling of Microbially Catalyzed Geochemical Reactions in Aquatic Environments
(NR 87-136)
PERSONNEL: Derek R. Lovley, Project Chief
Carol L. Wakelee, Secretary Debra Lonergan, Microbiologist
Elizabeth J. Phillips, Microbiologist Joan C. Woodward, Phys. Sci. Technician
Peggy Widman, Microbiologist Todd Anderson, Geochemist
ADDRESS: U.S. Geological Survey

430 National Center
12201 Sunrise Valley Drive
Reston, VA 22092

TELEPHONE: (703) 648-5825

PROBLEM:  Micro-organisms catalyze most of the natural redox reactions involving carbon, sulfur,
nitrogen, and metals. Thus, geochemical models of the distribution and fate of natural and
contaminant compounds must include a microbiological component, which requires an understanding
of the physiological characteristics of micro-organisms that control the rate and extent of microbially
catalyzed reactions.

OBJECTIVE: (1) Quantify the rates of microbial processes that influence the geochemistry of surface
water and ground water; (2) determine the physiological characteristics that control the rate and extent
of microbial processes; and (3) develop mathematical models of the distribution of microbial processes
in surface water and ground water.

APPROACH: Quantify rates and pathways of microbial processes with radiotracer, stable-isotope and
inhibitor techniques. Determine microbial physiological characteristics with experimental
manipulations of natural, mixed populations and pure cultures. Combine data on physiological
characteristics with appropriate geochemical models to generate models for the distribution of
microbial processes.

PROGRESS: It was demonstrated for the first time that, under the appropriate conditions, micro-
organisms can rapidly degrade benzene in the absence of oxygen. This finding is significant because
benzene is the contaminant of most concern when ground water is polluted with petroleum. Most
petroleum-contaminated aquifers contain extensive anoxic zones in which benzene and other aromatic
hydrocarbons persist. Numerous studies had suggested that micro-organisms needed oxygen to
degrade benzene. We demonstrated that the addition of Fe(IIl) ligands to sediments from a
contaminated aquifer made the Fe(III) oxides present in the aquifer more available for microbial
reduction. The stimulation of microbial Fe(IIl) reduction greatly increased the rates of aromatic
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hydrocarbon degradation. Even benzene was rapidly degraded in the absence of oxygen after an
adaption period. These studies demonstrate that oxygen is not necessarily required for rapid aromatic
hydrocarbon degradation and that the poor ability of micro-organisms to access Fe(III) oxides is an
important and previously unknown factor limiting the anoxic degradation of aromatic hydrocarbons in
aquifers. Furthermore, these results suggest that stimulating microbial Fe(Ill) reduction may be a
novel alternative to oxygen additions for bioremediating petroleum-contaminated aquifers. Field trials
on the use of enhanced microbial Fe(IIl) reduction for the bioremediation aromatic hydrocarbons are
underway. A paper describing these findings will be published in Nature in July 1994.

Molecular techniques were developed for studying microbial Fe(IlI) reduction in sedimentary
environments. This provides the opportunity to directly study the microbial ecology of environments
where Fe(III) reduction has a significant geochemical effect such as contaminated aquifers, deep
pristine aquifers, and aquatic sediments. Results to date indicate that Fe(IIl)-reducing communities are
highly diverse and that there is the potential for numerous interactions between these organisms.
Understanding these interactions will help understand the factors controlling the rate and extent of
Fe(III) reduction in sedimentary environments. Furthermore, these molecular techniques have
potential broad application to the study of a variety of other microbial processes.

We discovered that sulfate-reducing micro-organisms can enzymatically reduce Cr(VI) to Cr(III) and
purified the enzyme responsible for this activity. This finding is significant because the reduction of
Cr(VI) to Cr(Ill) is a potentially useful mechanism for bioremediaton of chromate-contaminated waters
and waste streams. A paper describing this discovery was published in Applied and Environmental
Microbiology.

We discovered micro-organisms with the capacity to oxidize S° to sulfate with Mn(IV) as the electron
acceptor at circumneutral pH as well as an organism which can dxspropompnate S° to sulfate and
sulfide. These findings help explain important geochemical phenomena in aquatic sediments for which
there were no previous pure culture microbiological models. A paper describing this will be
published in the July 1994 issue of Applied and Environmental Microbiology.

We found that a number of hydrofluorocarbons are readily consumed by micro-organisms living in
aquatic sediments and soils. These findings have important implications since the compounds are
being considered as alternatives to freon.

Studies on the use of dissolved hydrogen gas to predict the distribution of microbial processes in
ground water were completed and a manuscript describing this method w1ll\ be published in the July
1994 issue of Environmental Science and Technology. Ll
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A study demonstrating that uranium-reducing micro-organisms can be used as part of a processes for
concentrating uranium from uranium-contaminated soils was completed. A manuscript describing this
has received favorable reviews and publication is expected in Journal of Industrial Microbiology.
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TITLE: Vegetation and Hydrogeomorphic Relations (NR 90-145)

PERSONNEL: CIliff R. Hupp, Project Chief
Carolyn Wakelee, Secretary
Thomas M. Yanosky, Botanist
Michael Schening, Ecologist

ADDRESS: U.S. Geological Survey
430 National Center
12201 Sunrise Valley Drive
Reston, VA 22092

TELEPHONE: (703) 648-5206

PROBLEM: Many hydrogeomorphic processes are poorly understood. Botanical evidence studies
can improve flood or debris flow prediction for streams with short or no gaging-station records.
Improvement of our understanding of the relation among fluvial geomorphology, sedimentation, mass
wasting, plant chemistry, and plant ecology will provide insight into such problems as assessment of
water quality, wetland loss, long-term effects of climatic variation, and the frequency and magnitude
of destructive hydrogeomorphic phenomena. Botanical and geomorphic analyses may provide
substantial information about variable source areas of runoff production and ground-water recharge.

OBJECTIVE: (1) Continue development of the combined use of botanical evidence and maximum
likelihood estimators in flood-frequency prediction; (2) conduct basic research in the analysis and
interpretation of the role of vegetation in natural and disturbed fluvial systems, including riparian and
wetlands systems; (3) conduct basic research in the hydrogeomorphic-plant ecological aspects of
watershed dynamics, including the delineation of variable source areas of runoff production and
ground-water recharge, and analyses of nonpoint source pollution and basic plant-landform relations,
and (4) conduct basic research into tree-ring chemistry as an indication of ground and surface water
quality.

APPROACH: The approach is broadly interdisciplinary, employing techniques from the hydrologic,
geomorphic, chemical and ecologic sciences. Dendrogeomorphic (tree-ring landform analyses),
hydrologic (stream flow modeling, step-backwater analyses), and statistical (maximum likelihood
estimator, time series) techniques are used in the paleohydrologic (floods, debris flows, landsliding)
aspects of the project. The above techniques are combined with plant ecological analyses (plot and
plotless sampling, species/landform mapping, multivariate biostatistical analyses), geomorphic
analyses, and sedimentologic analyses to accomplish objectives 2 and 3. Objective 4 is accomplished
by investigating the relationship between pollutants in water and sediments, and subsequent levels in
plant tissues.
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PROGRESS: A study of element concentrations within trees growing at an abandoned wood-
preserving plant site in Jackson, Tennessee, found that trees along the ground-water flowpath
contained elevated concentrations of some nutrients and trace metals seemingly related to site
activities. Trees sampled farthest downgradient from the site did not show evidence that contaminants
had reached them. This study was in an area of extreme hydrogeomorphic complexity, and extended
and refined the application of dendrochemistry to ground-water assessments.

Intensive investigations of baldcypress within the Cape Fear estuary, North Carolina, found large
concentrations of chloride, bromide, and sodium within growth rings of trees subjected to saline
flooding. A new technique to estimate the local onset of saltwater encroachment was based on
reconstruction of the heartwood/sapwood interface of trees at various times in the past. This
technique should be useful in situations in which large concentrations of elements are mobilized across
ring boundaries and stored in heartwood tissues. The study of trees within the Cape Fear estuary will
allow for the development of tree-growth and mortality models that may be applied in areas where
intrusion is expected.

A dendrochemical investigation of trees growing over a shallow aquifer near Baltimore, Maryland,
contaminated by a thick layer of floating oil found large concentrations of iron and some trace metals
in rings that formed during the suspected onset of contamination. Major nutrients (calcium,
potassium, and magnesium) were more highly concentrated in trees growing within than outside the
zone of oil contamination. It seems likely that concentrations of nutrients increased after the onset of
contamination, resulting in increased uptake by trees and translocation into heartwood rings. For the
first time in our studies, it was demonstrated that cadmium was taken up and stored in the rings of
some trees.

Studies have continued in wetland and bottomlands of the southeastern United States. Stream
channelization in Tennessee has altered sedimentation rates and the subsequent growth of bottomland
tree species. Dendrogeomorphic methods continue to be developed and tested in order to estimate
sedimentation rates in forested wetlands, thus providing information that otherwise is generally not
available.
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TITLE: Geochemistry of Riverine and Estuarine Waters (WR 68-046)
PERSONNEL: David H. Peterson, Project Chief |
Lucenia Thomas, Secretary Richard E. Smith, Research Oceanographer
Laurence E. Schemel, Oceanographer Daniel R. Cayan, Meteorologist
Stephen W. Hager, Oceanographer Reginald Uncles, Oceanographer
(United Kingdom)
ADDRESS: U.S. Geological Survey

345 Middlefield Road, MS 496
Menlo Park, CA 94025

TELEPHONE: (415) 354-3366

PROBLEM: The physical and chemical variability in rivers and estuaries is large, but forced by
weather and climate causes and interactions are not clearly defined. Variations appear to be very
important, but we don't yet understand how riverine-estuarine systems operate on very short and
moderately long time scales. Furthermore, the effect of anthropogenic activities also may be
important. Without such information we cannot understand and predict how these systems respond to
variations in climate and human activities including changes in the amount, character, and timing of
freshwater, toxic-waste, sediment and plant-nutrient inflows to these environments.

OBJECTIVE: To better understand the variability of the physics (circulation) and chemistry
(primarily oxygen, carbon, silicon, nitrogen and phosphorous dynamics) in riverine and estuarine
environments. To discriminate between natural variations due to atmospherlc/ oceanic forcing an
human-caused impacts. d(

APPROACH: Defining temporal/spatial variability in riverine/estuarine systems is largely
observational and will use shipboard and in place instrumentation as well as large meteorological/
hydrological/oceanographical data bases. Methods of analysis include statistical and numerical
simulation models of physical, chemical and biological processes influencing these systems over a
broad spectrum of space and time scales. Major estuaries, such as San Francisco Bay, will be used as
models for understanding and comparing behavior in others. Regional watershed variability will be
interpreted vis-a-vis large scale regional-atmospheric, global-atmospheric and oceanic conditions
including circulation, temperature, and precipitation. Intermediate linkage to watershed hydrology
will be incorporated. |
PROGRESS: Decades of observations supported by results from statistical-dynamical and numerical
models identify freshwater delta flow (DF) as the master control on mean-monthly salinity in the bay.
Further, even on tidal and spring/neap-time scales, DF influences the complex tidal signature of
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salinity stratification/destratification. Delta flow, in turn, is driven by two distinct, but perhaps not
independent, factors: atmospheric circulation and human intervention. San Francisco Bay salinity is
lowest in late spring in response to peak DF and is highest in late summer when DF is minimum.
Superimposed on this annual cycle is considerable interannual variability, which is largely dependent
on both the water content of winter snow pack in the Sierra Nevada to the east and the timing of
snowmelt runoff in spring. Human influences, such as the icglg-term decrease in DF due to water
diversions/exports, are most apparent in spring and are reflected in a long-term increase in the bay's
salinity. This "artificial" decrease in DF (or increase in exported DF) is confounded by atmospheric
influences. In dry years, the percent exported is higher than in wet years and, beyond that, a long-
term shift in atmospheric circulation has forced a trend toward earlier runoff, slightly decreasing
spring DF, and increasing salinity.

The Sacramento River is an important, if not most important, source of San Francisco Bay variability
including freshwater flows and associated suspended sediment. Thus, in wet years, the Yolo bypass is
a major source of suspended sediment as well as freshwater discharge. Similarly, winter transport of
particulate organic carbon to the bay is larger than previously thought. South San Francisco Bay, the
bay's cul-de-sac, shows important chemical characteristics that are more obscure in North Bay. The
response of South Bay water chemistry includes effects of changes in waste flow quality, evaporation,
as well as wet and dry year scenarios.
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TITLE: Fate of Organic Chemicals in Subsurface Environments (WR 71-068)

PERSONNEL: Edward M. Godsy, Project Chief
Kim N. Bui, Secretary
Ean Warren, Environmental Engineer
Jeff G. Ritchey Student, (San Jose State University)

ADDRESS: U.S. Geological Survey
345 Middlefield Road, MS 458
Menlo Park, CA 94025

TELEPHONE: (415) 329-4504

PROBLEM: Release of various synthetic organic compounds to the environment has caused soil
and ground-water pollution in many places. The processes that control the persistence and movement
of these compounds are not well understood. A better understanding is necessary to aid in
construction of models to predict movement and fate of pollutants in the subsurface and for design of
control and abatement techniques.

OBJECTIVE: (1) Determine the transformation pathways of selected organic compounds by means of
a combination of field observations and laboratory simulations of environmental conditions; (2) assess
the relative importance of physical, chemical, and biochemical processes in the transformation of these
compounds under ambient conditions; and (3) study relevant biotransformation processes in the
subsurface.

APPROACH: Select one or more field sites where ground water has become contaminated with
organic compounds. Collect and analyze water samples to discover the chemical transformations that
are occurring in the subsurface environment. Use laboratory-simulation studies to elucidate the
controls on these transformations.

PROGRESS: The project consists of field and laboratory studies of creosote and crude oil
contaminated ground water at the USGS Hazardous Waste Sites at Pensacola, Florida, and Bemidji,
Minnesota, respectively, with the aim of elucidating the various microbial and physical processes, and
factors that influence them, affecting separate groups of water soluble creosote and crude-oil derived
compounds during down gradient travel in the aquifer. Determination of the kinetics of substrate
utilization and transformation pathways of the major aromatic biodegradable components of the water
soluble fraction of creosote and crude oil using single compounds as carbon -and energy sources under
aerobic, sulfate reducing, iron reducing, and denitrifying conditions is presently underway. The
kinetics of biodegradation of the creosote derived compounds under methanogenic conditions has been
completed. Laboratory columns have been developed and the abiotic factors that affect movement of
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the major components of the creosote-derived compounds during down gradient travel with the ground
water have been determined. A solute transport model utilizing the laboratory determined Monod
kinetic substrate utilization parameters and sorption characteristics has been developed and refined.
This model has successfully modeled the transport of phenol, 2-, 3-, 4-methylphenol, quinoline, and
isoquinoline in the aquifer at the Pensacola study site. Work continues for the crude oil-derived
compounds found at the Bemidji study site.
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TITLE: Availability of Trace Elements in Sediments to Aquatic Organisms (WR 75-125)
PERSONNEL: Samuel N. Luoma, Project Chief

J. Stacey, Andrews, Secretary Daniel J. Cain, Biologist

James L. Carter, Hydrologist Alexander Van Geen, Chemist

Steven V. Fend, Hydrologist Cynthia L. Brown, Physical Scientist

Susan S. Kennelly, Hydrologist Michelle 1. Hornberggr, Physical Scientist
ADDRESS: U.S. Geological Survey

345 Middlefield Road, MS 465
Menlo Park, CA 94025

TELEPHONE: (415) 329-4481

PROBLEM: Concentrations of potentially toxic elements in sediments are 1drders of magnitude
higher than concentrations of these elements in water. The ability of the aquatic environment to
assimilate many toxic wastes depends upon how available this concentrated sediment-bound pool of
elements is to aquatic organisms. Development of realistic pollution regulations, in turn, depends on
prediction of assimilation capacities. Assessment of biological-indicator data for mineral exploration
and pollution assessment also depend upon the understanding of factors affecting the biological
availability of trace elements bound to sediments. It is established that the same biota in different
environments may differ widely in their susceptibility or their response to trace elements, and that
these differences may be at least partly related to the differences in the availability of metals in
sediments; however, little is known about the geochemical and physiological factors that influence the
transport of metals from sediments to organisms.

OBJECTIVE: (1) Study the partitioning of trace metals among the components of sediments and
identify the processes that control partitioning; (2) study the influence of geochemical partitioning of
trace metals in sediments on metal uptake by and effects of metals in organisms that contact sediments
directly; (3) study physiological characteristics of aquatic organisms that uptai(k: metal; (4) improve
methodology that makes use of biota and sediments as indicators of geochemical conditions; (5)
develop indices or models for predicting the bioavailability of metals after their release to the aquatic
environment; and (6) develop methods for assessing the presence of biological effects from toxic
wastes in aquatic communities in nature.

APPROACH: (1) Collect organisms and sediments from rivers, lakes, or estuaries across spatial or
temporal gradients of physicochemical conditions; analyze geochemical partitioning through the use of
chemical extractions, mathematical models, and statistics; and statistically assess relation of metal
concentrations in organisms to aspects of the specific geochemical gradient under study. (2) Use
laboratory studies on metal burdens in animals to assess biological influences such as animal size,
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intraspecific differences in metal tolerance, and physiological controls on metal uptake and
metabolism. (3) Geochemically modify sediments or use well-defined model sediments in laboratory
studies of metal uptake by organisms to identify physicochemical factors that affect metal availability
and to test models derived from field studies.

PROGRESS: CLARK FORK RIVER, MONTANA: Continued study of year-to-year variability in
metal concentrations in river. The past year was one of exceptionally high flows (and runoff) and was
one of two years with greatest metal concentrations. Four fold changes have occurred in metal
concentrations in the Clark Fork since 1986; all appear to be related to natural variability. Superfund
activities, in progress since the late 1980's, have had no discernable influence on contamination in the
river. Second year of seasonal sediment sampling indicated a distinct seasonal cycle in concentrations
in a low flow year that indicated metals are pumped out of sediments (geochemically) during low
flows; and sediment appear to be recontaminated by terrigenous inputs during high runoff. Methods
were developed to determine contribution of gut content to metal concentrations in small bioindicators.
Contribution varies with metal, but is less than 50 percent for most metals, even in undepurated insect
larvae.

SAN FRANCISCO BAY: Obtained first good data on metal concentrations on suspended particles in
Bay and began study of how concentrations and transect of metals change seasonally. Desorption of
most labile metals is obvious at freshwater-seawater interface; others are not desorbed. Obtained first
measurements of acid volatile sulfides (AVS) in intertidal sediments. Initial results show method gives
repeatable results, but AVS concentrations in surface sediments are highly variable. In studies of
sediment cores we have found a distinct discontinuity in contaminant concentrations that occurred in
approximately the late 1950's in the North and Central Bays. It appears that contaminants increased
dramatically in concentration at approximately the same time as the water projects began the rapid
increase in water diversion from the Bay. A simple model was developed by D. Shoellhamer of
California District based on these observations. Studies of clam, Potamocorbula amurensis, which
show great differences in metal distributions between a year of very high river flow and lower flow
years, appear consistent with these observations. Model development has begun that will allow
separation of interactions between particle inputs, dissolved metal concentrations and effects of salinity
in the clam data. Completed sampling in experiment to determine if sediment resuspension increases
dissolved metal concentrations in South Bay, as indicated by seasonal metal concentrations.

METAL BIOAVAILABILITY: Finished paper showing that clams avoid intensive digestion of particles
heavily contaminated with metals. By re-routing such particles through a less intensive process they
are able to reduce their metal exposure in contaminated environments. This also suggests that metals
were in sufficient concentrations (natural) in the environments where these animals evolved (that is,
the sediments) to cause selection for a mechanisms to avoid the costs of digestive assimilation of too
much metal.
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YAKIMA RIVER BASIN, WASHINGTON: Finished two papers discussing separation of factors
controlling benthic community structure in the Yakima basin. Results contrasted and complemented
NAWQA approach. NAWQA focused on anthropogenic factors as only thing important in
determining communities in Yakima. The present work showed that natural factors such as altitude
must be subtracted if anthropogenic effects are to be accurately interpreted.

COORDINATION: Through work with Aquatic Habitat Institute, F. Nichols' USGS Ecosystem
Initiative, and as chair of Interagency Ecological Program science advisory committee we contributed
to interagency efforts to coordinate research activities in San Francisco Bay.
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TITLE: Biotic Response to Climatic Variability and Human Impacts in Arid Lands (WR
76-145)

PERSONNEL: Julio L. Betancourt, Project Chief
' Ana M. MacKay, Admin. Ops. Assist.
Douglas Wellington, Comp. Prog. Analysist
Elizabeth A. Pierson, Botanist
Diane K. Aasen-Rylander, Biological Techn.

ADDRESS: U.S. Geological Survey
Desert Laboratory
1675 W. Anklam Road
Tucson, AZ 85745

TELEPHONE: (602) 670-6821

PROBLEM: Biotic responses to climatic change or human manipulation are inherently complex
because of wide differences in organism sensitivities and response times, the influence of history and
scale, and the various interactions between organisms and with the physical system. In arid and
semiarid lands, which cover about 12.5 percent of the Earth's land surface, the effects of climatic
variability on vegetation are greatly magnified, particularly because most plants exist near their
physiological limits. How arid land vegetation might in turn affect climate is uncertain, though there
is some indication that decreasing cover and increasing albedo could promote regional drought.
Whether in response to projected Greenhouse climates or intensified land use, vegetation in such
critical watersheds as the Rio Grande and Colorado River basins is apt to change in the near future.
There is a need to understand the direction and rate of this change and how it might affect water use
and availability in the region.

OBJECTIVE: To achieve a dynamic understanding of vegetation change and its relation to water
resources; to develop such an understanding in a manner appropriate to the hierarchy of spatial and
temporal scales implicit in a study of global change; and to determine whether responses of dryland
vegetation to global change are predictable from the past and present behavior of vegetation.

APPROACH: The primary task of the project is to document vegetation and hydrological responses
to climate variability on millennial to decadal time scales. The research entails monitoring of
vegetation plots, analysis of instrumental records, and development of proxy data for times and places
where direct measurements are unavailable. Plant demographic data will be collected to test
hypotheses about short-term (decadal) vegetation responses to climatic variability in the 20th century.
Paleoclimatological data will be developed for the southwestern region for the past 40,000 years.
These data can be used to illustrate the influence of climatic change on arid ecosystems; to anticipate
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how these ecosystems are apt to change in the future; and to test and validate outputs from global
circulation models. |
PROGRESS: 1. Climate-plant distribution model: Funding from National Bnbloglcal Survey, Global
Change Program FY93-97, and collaboration with Kent State and Unlversuy of Arizona.

Global change could affect the distribution of vascular plants in the Sonoran Desert. To forecast these
changes, we are developing an integrated climate-plant distribution model based on individual species.
Our modeling effort draws from (1) a plant distributional data base that includes 100,000 documented
occurrences for nearly 3,000 species in the Sonoran Desert; (2) detailed knowledge of the physiology,
ecology and demography of dominant species, which can be formalized in a rule-based expert system;
and (3) a statistically-based local climate model (LCM) that can predict key variables in
bioclimatology at monthly to daily resolution.

The monthly local climate model (MLCM) is a statistical model based on a canonical regression
function that estimates monthly maximum temperature and total precipitation. Solution of the
canonical regression function requires a set of predictor variables that represent the primary and
interactive effects of five boundary conditions: terrain, sea-surface temperatures in January and July,
CO, concentration, solar insolation, and windfield (January and July surface and 500 mb). Thus, the
MLCM uses boundary conditions that can be estimated for past, present, and future climate scenarios.
Most of the predictor variables represent changes in boundary conditions along windfield trajectories
that extend 1,000 km upwind and 30 km downwind from solution points. In this way, MLCM is
considered a semi-Lagrangian model.

The MLCM is calibrated with boundary conditions and instrumental records ﬁ:om a large number of
stations in the western United States (and in the near future, Mexico). The spatlal distribution of
these stations is sufficient to allow solutions of the MLCM over a large areaﬁ  of the southwestern
United States and Mexico; in this case, the "solution domain" is the Sonoran ‘Desert. Solutions are
made at a 10-km spacing over the solution domain. We have been using 1980 to 1984 as the
calibration period, but the model can also be calibrated with other periods (and verified against
others). Solutions of modern climate are made by setting boundary conditions to those representing
1980-1984. Given these boundary condtions, predictor variables are computed at all grid points in the
solution domain and applied to the canonical regression function.

Using the MLCM calibrated with only United States stations, we generated monthly climate
estimations for points of saguaro occurrence in our digitized atlas of saguaro (distribution. The model
can actually solve for points south of the border, though less accurately than fif calibrated with both
United States and Mexican data. Most saguaro locations did not have precise elevations noted, so
elevations were estimated based on averages within the grid cells; these "average" elevations were
used to calculate climatic variables for points of saguaro occurrence. ‘
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In general the experimental runs gave reasonable estimates for daily maximum temperature and
precipitation over much of the region. Probably the most serious breach of actual climate was in the
Vizcaino region of northern Baja California. The model predicted relatively high precipitation on the
Vizcaino Plain and adjacent areas during July and August, when, in fact, these places are very dry
during the summer. The discrepancy was caused by the model's inability to account for the effects of
strong upwelling just offshore, which dominates the climate of the Vizcaino region for most of the
year. These results are of interest in that they suggest that climates favorable for saguaro would occur
in the northern part of Baja California in the absence of upwelling. The relationship between
upwelling regimes and plant distribution could be tested in the fossil record. However, the history of
upwelling during the Holocene is poorly known, as is the vegetation history of the Vizcaino Plain.

In most monthly simulations, points of saguaro occurrence showed sharp frigid, arid, and thermal
limits within the two-dimensional regional climate space. As expected, the points clustered in the
tropical semiarid part of the regional space. Within the zone occupied by saguaro, the points of
known occurrence were concentrated in the warmer arid quadrant during most months. This suggests
that in the cooler, wetter parts of its range, saguaros are restricted to edaphic outposts where local
aspect and soil effects ameliorate the prevailing climate toward warmer, more arid conditions.

There was a consistent tendency for the arid limits to occur at higher precipitation amounts under cool
temperatures than at warm ones. This trend could be a result of a seasonal reversal in maximum
temperatures over the latitudinal range of saguaros. In winter, the northern part of the range is cooler
and receives more rainfall. In summer, the northern part of the range is hotter and receives less rain
than the southern limits. Thus, within any month the warmer parts of the range extend to drier limits,
but the actual geographic location of the warm, dry extremes changes from month to month.

Saguaros occur over a wider range of elevations in the north than in the south. In the estimated
climate space, this translates to a relatively broader precipitation zone occupied toward the cool end of
the climatic range during the winter, and a shift of this broader rainfall occupation toward the warm
end during the summer, when the northern range heats up relative to the south.

2. Long-term saguaro demography plots in Sonoran Desert: Saguaro (Carnegiea giganteae)
populations, like those of many long-lived species with episodic establishment and mortality, fluctuate
on decadal scales; capturing this variability requires multi-decadal monitoring, and, in the absence of
actual tree rings, models of plant growth (height) for estimating age of individual plants. For
example, at the Desert Laboratory in Tucson, Ariz., all plants within four 11-ha plots on Tumamoc
Hill were surveyed and measured in 1964, 1970, and 1993 to develop and verify a predictive age-
height model and to comgare the effect of slope aspect on plant growth, patterns of biomass allocation
and demography. Differences between plots discriminate specific climatic events or trends with
variable impact across slope. We've applied similar methods to six other long-term saguaro plots in
the Sonoran Desert to evaluate the influence of climate on regional demographic patterns.
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3. Influence of climate on New Mexico pinyon-juniper woodlands: Funding from Forest Service
(Ecosystem Management Program, Central Rio Grande) and collaboration with University of Arizona
and Forest Service.

We are using the 1950's drought as a model system for studying the direct impacts of catastrophic
drought across vegetation types and geographic scales. The driest episode in several hundred years,
the 1950's drought caused broadscale vegetation dieoffs, reset demographic clocks, impacted rates of
carbon and nutrient cycling, and accelerated shrub invasion of grasslands. Recent improvement in
range conditions may have more to do with recovery from the 1950's drought as wet conditions
returned to the Southwest than with land use reform in recent decades, as is often assumed. We now
have funding from the National Science Foundation (NSF) and the Forest Service to continue these
studies to test the hypothesis that, in pinyon-juniper woodlands that cover ca. 20 million ha in the
southwest, the regional cadence of births and deaths is driven primarily by episodes of wet and dry
conditions. As a target, we are hypothesizing that age structures in pinyon-juniper woodlands can be
cross-dated like tree rings. This hypothesis, though common sense, has never been tested at the
regional scale; also, this is the first time in the Southwest that tree demographic studies have been
attempted at annual resolution (based on cross-dating year of birth or death of both dead and live
trees). In cooperation with Tom Swetnam (Laboratory of Tree-Ring Research, University of Arizona)
we are setting up 12 one-half hectare plots to define demographic histories on north versus south-
facing slopes and limestone versus igneous rock types at three elevations (1,900, 2,100, and 2,400 m)
in the Manzano and Los Pinos Mountains of central New Mexico.

4. The use of plant invasions to understand ecosystem dynamics: South African Euryops multifidus in
southern Arizona: Euryops multifidus (COMPOSITAE: sweet resin bush), a shrubby composite native
to South Africa, was introduced in Arizona by the Soil Conservation Service in 1935. This shrub
readily invades semi-arid grasslands and eventually forms uninterrupted monocultures in which native
grasses, shrubs and succulents are excluded. Study of plant responses at the advancing front of the
areas occupied by Euryops show that mortality and exclusion of native species are due to aggressive
competition, and possibly chemical inhibition. These dramatic changes in vegetation are persistent and
can lead to changes in ecosystem properties, including soil erodibility and biodiversity. In southern
Arizona, sweet resin bush can occur in vegetation ranging from low-elevation desertscrub (ca.
850-1060 m) to grasslands, chaparral and woodlands at higher elevations (ca. 1,300 m or more).

This broad ecological amplitude suggests that, with the exception of cattle and fire, there are few
limits to further spread of Euryops.

5. Plant Responses to atmospheric CO, variations during glacial-interglacial cycles: Knowledge that
atmospheric CO, increased 30 percent during the last deglaciation and again since industrialization has
stimulated research linking this greenhouse gas with past, present, and future climate change. This
knowledge also has inspired a host of field and laboratory experiments that simulate plant responses at
glacial (ca. 180-200 ppmv) to more than twice modern (greater than 700 ppmv) CO, levels.
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Beginning in the late 1980's, the scope was expanded to include measurement of stomatal density and
carbon isotopes in leaves from historical plant material, ranging from herbarium specimens collected
during the past 200 years to leaf compressions in late Miocene and Pliocene clays of the lower Rhine
Embayment in Europe. Applications in the fossil record have been limited by (1) insufficient
knowledge about past CO, variations, except where known from the ice core record for the last
200,000 years; (2) the general paucity of deposits that preserve fossil or subfossil leaf material suitable
and abundant enough for both stomatal density and 8'*C measurements; (3) the inability to hold
climate constant, or the conundrum of separating climatic from direct CO, effects on leaf morphology,
geochemistry, and plant performance in highly-fragmented and poorly-dated fossil records; (4) the
general inability to examine individual plant species over the kinds of timescales involved in large-
scale CO, variations; and (5) the unavoidable blind interpretation of plant performance from 33C
plant in the absence of accurate 8'*C air chronologies.

All of these limitations can be surmounted in the analysis of leaves preserved in fossil packrat
(Neotoma spp.) middens in the western United States. Packrat middens represent the single richest
source of plant macrofossils from the last deglaciation (15-12 ka), when CO, increased from ca.
180-200 ppmv to ca. 270-280 ppmv. More than 2,000 of these deposits have been sorted, dated, and
examined for identification of plant remains, usually to the species level (each midden incorporates a
range of from 10 to 40 3pl::mt taxa) and are available for the proposed research. Chronologies of
stomatal density and 8'>C that span the last deglaciation can be developed for a variety of species
representing different growth forms, life histories, and photosynthetic pathways (C3, C4, and CAM).
In most cases, the effects of climate can be accounted for by developing Holocene chronologies from
sites that represent the modern vegetation analog to the glacial assemblages; this takes advantage of
the same general approach used for quantifying paleoclimate estimates from paleovegetation.
Additionally, 3'3C air may be estimated from '>C values of C4 plants, allowing estimation of water-
use efficiency and plant performance under different CO, conditions.

Our pilot study, using limber pine, was recently published in Science (Van de Water and others,
1994). Measurements of stomatal density and carbon isotopes from nearly 1200 limber pine (Pinus
flexilis) needles preserved in packrat middens from Idaho, Utah, Nevada, and Arizona show a 17
percent decrease in stomatal density and a 12 percent increase in the water use efficiency of limber
pine as CO, increased 30 percent between 15,000 and 12,000 years ago.

6. Fulbright Scholar-Argentina, 1994: Betancourt was funded for a 3-month stay (July-October 1994)
in Argentina to develop the paleoecological potential of middens made by animals other than packrats
in the western foothills of the Andes. He will be affiliated with the Centro Regional de
Investigaciones Cientificas y Tecnicas in Mendoza.

7. Ancient DNA from plant remains in packrat middens: Ancient DNA was extracted from plant
tissue from fossil packrat middens in a collaborative study with the University of Arizona. We are

ECOLOGY 67



ECOLOGY

also measuring DNA yields for fresh, dried, and fossil plant materials from several species to test if
DNA degradation is a function of time, site, or species. Eventually, we hope to test if changes in
genotype frequencies occurred as plants expanded and contracted their ranges during the last
deglaciation.
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TITLE: Plankton Dynamics in Tidal Estuaries (WR 79-164)
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Brian E. Cole, Oceanographer

ADDRESS: U.S. Geological Survey
345 Middlefield Road, MS 496
Menlo Park, CA 94025

TELEPHONE: (415) 354-3357

PROBLEM: Phytoplankton photosynthesis is the ultimate engine that drives many biogeochemical and
ecological processes in lakes, estuaries, and the ocean. For example, dynamic changes in pH, trace
metal speciation, and concentrations of dissolved gases (oxygen, carbon dioxide, methane), inorganic
nutrients (nitrate, phosphate, silicate), and organic compounds (amino acids, organosulfur compounds)
are closely associated with fluctuations in phytoplankton photosynthesis. Trophic linkages also exist,
between the phytoplankton as primary producers and populations of consumer organisms including
bacteria, zooplankton, benthic invertebrates, and fish. Our scientific understanding of lakes and
estuaries as dynamic ecosystems is therefore dependent upon a mechanistic understanding of both
natural and human-induced variability of phytoplankton abundance, community composition,
productivity, and connections to geochemical processes and other biological communities. These
topics are central to poorly resolved issues such as: the growing worldwide incidence of toxic algal
blooms and associated fish mortality; coastal eutrophication and increasing frequency and extent of
hypoxia or anoxia; long-term and cyclic changes in fish stocks; the global significance of
phytoplankton to the cycling of key elements such as C and N; and ecosystem-scale responses to both
species extinctions and introductions of exotic species.

OBJECTIVE: (1) Study the distribution, abundance, species composition, and productivity of
planktonic microalgae, animals, and bacteria in estuaries; (2) define and quantify processes that
regulate population dynamics and productivity of planktonic organisms in estuaries; (3) define and
quantify processes through which the plankton alter and reflect water quality in estuaries; (4) define
and quantify benthic processes that affect plankton dynamics and productivity of estuaries; and (5)
define anthropogenic impacts on estuarine ecosystems.

APPROACH: Integrate descriptive and experimental field studies and develop simulation models.
Field studies indicate important mechanisms that must be taken into account in models and provide a
data base for model calibration and subsequent verification. Conversely, evolving ecological models
indicate processes and environmental factors that deserve particular emphasis by field studies.
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Feedback between model development and fieldwork will accelerate understanding of the natural
system and should produce ecological models having sufficient realism to predict gross effects of
human-induced perturbations.

PROGRESS: Project research activities associated with San Francisco Bay were: (1) to map weekly
and monthly changes in the vertical and horizontal distributions of dissolved oxygen, salinity,
temperature, turbidity, chlorophyll, and suspended sediments. This measurement program was
partially supported with funds from local dischargers. Results of this pilot program will be used to
design a permanent regional monitoring program in San Francisco Bay; (2) to characterize
phytoplankton-nutrient dynamics in South San Francisco Bay around the spring bloom, a period of
intense biogeochemical activity, and adding a 17th year to this observational record; (3) to measure
changes in benthic fluxes of oxygen and nutrients associated with the spring phytoplankton bloom (J.
Caffrey); (4) to install new instruments and data acquisition system onboard the R/V Polaris (B.
Cole); (5) to characterize seasonal changes in the origin and composition of organic matter in sediment
and seston (E. Canuel); (7) with researchers from Stanford University, to begin the development of
three-dimensional model of phytoplankton dynamics in South San Francisco Bay. This model will
account for variations in community composition, nutrient flux, zooplankton and benthic grazing,
vertical and horizontal transport, and variations in the light field of the water column (J. Cloern).

In France, we (1) worked with French colleagues at the Centre d'Oceanologie de Marseille to develop
a vertical model that describes coupled changes in phytoplankton abundance and nutrients. This model
will be used to compare phytoplankton temporal variability in South San Francisco Bay and the Golf
de Fos in the Mediterranean Sea (J. Cloern) and (2) collaborated with French researchers to develop a
two-dimensional model of circulation and horizontal transport (J. Cloern). These modelling efforts
are an attempt to enable us to make meaningful comparisons of different ecosystems.

Papers were published on the following: (1) interannual variability in the seasonal pattern of
phytoplankton biomass change in South San Francisco Bay (with A. Jassby, University of California at
Davis)—book chapter (J.H. Steele editor, Ecological Time Series, Chapman Hall publisher); (2)
nitrogen dynamics in the plankton of San Francisco Bay (collaboration with T. Fisher, University of
Maryland and NRP-WR)—Estuarine Coastal and Shelf Science; (3) two papers on the characterization
of organic matter in San Francisco Bay and how various sources of organic matter are processed
through the ecosystem (with researchers from the University of Tennessee, and NASA Ames Research
Center)—Limnology and Oceanography and Proceedings of the American Association for the
Advancement of Science; (4) the significance of isohaline positions as predictors of fish population
fluctuation and their use as management in setting flow standards in San Francisco Bay and the
Sacramento-San Joaquin Delta (with Jassby and others)—Ecological Applications; (5) the
environmental conditions necessary to promote the development of blooms by ciliates similar to those
of toxic algae—Journal of Plankton Research; (6) two papers on seasonal contrasts in the composition
and abundance of seston and primary production in Williams and Shingobee Lakes (a component of
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USGS research at the IRI site in Minnesota)—two chapters in USGS circular to be edited by T.
Winter; (7) the role of organic inputs and bioturbation on benthic fluxes of nutrients in San Francisco
Bay (with researchers from the University of Southern California, University Southern Louisiana, and
NRP-WR) Proceedings of the American Association for the Advancement of Science; (8) temporal
and spatial variations in respiration rates of the plankton community in relation to environmental
conditions. and community composition—Proceedings of the American Association for the
Advancement of Science. A USGS Open-File Data Report was published on hydrographic
parameters, phytoplankton composition and abundance, rates of photosynthesis, and water column

respiration rates in San Francisco Bay during 1993.
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PROBLEM: Micro-organisms alter the chemistry and productivity of aquatic environments by
performing complex transformations of organic and inorganic molecules. In many cases, microbes
can affect the speciation, mobility, bioavailability, and toxicity of toxic elements, such as Se, Hg, and
As. The mechanisms by which these reactions proceed, the in place rates of the transformation, their
quantitative significance to element cycling, the responsible micro-organisms and their physiology are
poorly understood.

OBJECTIVE: Conceptual models of biogeochemical transformations will be developed by a
combination of laboratory and field experimental work. Laboratory work will focus on identification
of biochemical pathways, isolation and physiological characterization of relevant microbes. Field
work will consist of measuring in place rates of transformations, based on methods developed in the
laboratory. Physical exchanges between components, such as flux of biogeﬁi‘c gases to or from the
atmosphere from water or soil will be quantified. |

APPROACH: Microbial pathways will be studied in the laboratory for materials from various field
locations. Biochemical experiments will be performed on isolated cultures of important micro-
organisms. The findings from these investigations will guide the methodology employed in field work
to assess in place rates of these transformations as well as physical exchange (flux) of important
materials (for example, reduced gases) between components.

PROGRESS: Atmospheric Gases and Global Change: Methylbromide (MeB:ﬁ‘), a fumigant destructive
to stratospheric ozone was found to be degraded by aerobic and anaerobic bacteria. In anaerobic
environments, MeBr reacts with sulfide to form methylated sulfur compound$ which are attacked by
methanogenic bacteria. In aerobic environments, methyl bromide is oxidized to CO, by methane-
oxidizing bacteria. These results suggest that a biospheric sink exists for MeBr. Because MeBr is a
competitive inhibitor of methane oxidation and nitrification, fumigated fields were found to accumulate
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soil methane and nitrous oxide. The nitrous oxide accumulation was due the inhibitory effects of the
chloropicrin (tear gas) upon denitirifcation and nitrification. (1 paper in EST, 1994; 1 paper
submitted to AEM; 1 paper in preparation.)

Trifluoroacetate (TFA), an atmospheric oxidation product of HFC-143a (tetrafluoroethane) is
extremely unreactive chemically and recalcitrant to degradation biologically. Use of "new generation”
freon substitutes runs the risk of forming products which will accumulate in nature, possibly causing
toxic effects to biota. We discovered that in anoxic sediments, TFA is sequentially defluorinated to
the level of acetate. This is the first demonstration of microbiological defluorination of a
perfluorinated compound. Acetate was degraded to CH, and CO,. In aerobic sediments, TFA was
found to be cleaved to CF;H and CO,. These results suggested that TFA can be decomposed by soil
microbes, however some of the products, monofluoroacetate and CF;H, may cause environmental
problems. (1 paper in Nature 1994; 1 paper in prepration.)

Biogeochemistry of Toxic Elements: A selenate-respiring bacterium (SES-3) isolated from an
irrigation drainage site was found to grow anaerobically on selenate, nitrate, thiosulfate, iron, and
manganese as electron acceptors. Growth on selenate resulted in the formation of toxic selenite, the
accumulation of which prevented further reduction. However, nongrowing cell suspensions were
readily able to reduce selenate to elemental selenium. Selenate and nitrate were reduced by separate
enzymes, but selenite and nitrite may have in part shared a common reductase. These physiological
results have significance with respect to understanding the mechanisms of selenium precipitation in
drainwater, as well as to the remediation of these systems by biotechnological treatment of
wastewaters. In cooperation with T. Bullen, we are attempting to see if a fractionation of stable Se
isotopes occurs with bacterial reduction of Se VI and Se IV (1 paper in AEM, 1994; 1 review paper
in Se book, 1994; 1 paper in prepration).

The mechanism(s) for bacterial demethylation of methylated forms of mercury and arsenic are
currently being investigated.

Cooperative research investigations with California and Nevada Districts:
® Methane fluxes in the Sacramento/San Joaquin R.Delta (Bronwyn Wang)
¢ Arsenate reduction by bacteria (Roger Fujii)
¢ Methylation/demethylation of mercury in the Carson River/Lahontan Resevoir system (NAWQA

site): Hugh Beavans
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Oremland, R.S., and Hollibaugh, J.T., 1990, Dana, G.L., 1993, Meromixis in hypersaline
Influence of redox potential on selenium distri- Mono Lake, California. 2. Nitrogen fluxes:
bution in ground water, Mendota, Western San Limnology and Oceanography, v. 38, p.
Joaquin Valley, California: U.S. Geological 1020-1039.

Survey Open-File Report 90-138, p. 24.
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TITLE: Biotic Interface with Fluvial Transport: Processes Associated with Dissolved Solutes
in Transport (WR 84-186)

PERSONNEL: Frank J. Triska, Project Chief
Carolyn Harden, Secretary Ronald J. Avanzino, Chemist
Alan P. Jackman, Chemical Engineer John H. Duff, Hydrologist

ADDRESS: U.S. Geological Survey
345 Middlefield Road, MS 496
Menlo Park, CA 94025

TELEPHONE: (415) 354-3333

PROBLEM: Biogeochemical processes associated with the microbial community (algae, bacteria,
fungi) constitute the interface between solute transport and biotic production in riverine environments.
Identifying and estimating the role of biotic processes such as nitrification and denitrification by
bacteria, nutrient uptake and production by epilithic algal films and decomposition of particulate and
dissolved organic matter, as well as abiotic processes such as absorption, are important for
understanding the linkage between terrestrial, riparian, hyporheic and in-channel contributions to the
nutrient chemistry of a drainage network. Relative biotic response to solutes in transport between
pristine and anthropogenically modified riverine environments is poorly understood, but necessary for
long-term management of surface waters.

OBJECTIVE: Identify and determine rates of biotic transformations of transported solutes at
chemical-biotic interfaces in fluvial environments, including seepage areas, riparian zones,
sediment/surface-water interfaces, intragravel-subsurface flow interfaces (hyporheic zone) and
floodplains.

APPROACH: Laboratory experiments using communities collected from small to large streams and
in place field experiments are used to estimate biotic transformation of dissolved solutes. Field
experiments are conducted at background concentrations and with mixtures of conservative and
nonconservative solutes injected into both pristine and man-impacted fluvial environments. Cycling of
elements which have high assimilative demand and (or) are subsequently passed to higher trophic
levels are emphasized (that is, C, N, P).

PROGRESS: (1) Research at the Water Resource Division's Integrated Research Initiative (IRI) site
continues on the Shingobee River in north-central Minnesota. Comparison of dissolved inorganic
nitrogen concentration (DIN) between channel water and groundwater in summer, indicates effective
depletion of DIN as ground water moves upward between 20 cm beneath and the surface of the bed.
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DIN consists almost entirely of ammonium. We hypothesize that DIN depletion involves a
nitrification-denitrification coupling in the top 5 cm of sediments. Uptake by rooted macrophytes may
also be a factor at times of high plant production. During winter, surface water DIN concentration is
similar to summer groundwater concentration (0.2-1.0 m) beneath the channel. At these times
ground-water DIN passes through the bed unaltered due to inhibition of biotic processes by cold
temperature. Thus, during summer temperature and redox-dependent processes control DIN transport,
whereas in winter hydrologic mechanisms control DIN transport through the bed.

(2) An interstitial sampler has been devised to sample subchannel nutrient profiles to 1.0 cm
resolution. The sampler can withdraw interstitial water at rates as low as 1 uL s~!, which permits
sampling with minimal distortion of dissolved solute profiles in surficial sediments. Water samples as
small as 50 uL can subsequently be passed through a set of flow-through microelectrodes measuring
dissolved oxygen, specific conductance, pH temperature and ammonium on the same sample.
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TITLE: Solute Transport Involving Biological Processes in Surface Waters (WR 86-190)

PERSONNEL: James S. Kuwabara, Project Chief
Susan P. Bartaluzzi, Secretary K
Cecily C. Chang, Hydrologist
Anne Khechfe, Hydrotech

ADDRESS: U.S. Geological Survey,
345 Middlefield Road, MS 465
Menlo Park, CA 94025

TELEPHONE: (415) 329-4485

PROBLEM: Availability of toxic substances and nutrients to biota is dependent on their chemical
form or speciation. Toxicological models, for example, have emphasized the effect of solute
speciation on biological processes. Conversely, it has been demonstrated that partitioning of
contaminants and nutrients can be affected by biological processes. Chemical processes that control
chemical speciation in natural waters are solute complexation, precipitation and dissolution, sorption,
and redox. Each of these processes affects and is affected by biological activity. Therefore,
understanding and quantifying solute interactions with biota can be important in developing accurate
water-quality models. Although inorganic and organic complexation have been emphasized in
previous toxicological studies in chemically defined media, it is clear that chemical processes
suppressed in these experiments can be important in natural water systems. The effects of biological
processes on solute uptake and transport need to be quantified and incorporated in transport models.

OBJECTIVE: Study transport of trace inorganic solutes between paniculate§ and primary producers.
Examine and quantify processes controlling that transport (for example, adsorption onto and
desorption from particles, and uptake and release from plankton and periphyton.) Establish how
biological processes may contribute to the overall behavior of trace inorganic contaminants in surface-
water systems.

APPROACH: Conduct field sampling and laboratory analyses to assess the chemical character of
particulate and dissolved phases and to identify potentially important biological-transport processes.
Determine trace-metal, macronutrient, and organic carbon and trace sulfide concentrations by means
of various analytical and preparative techniques. Use chemically defined media, suspensions and algal
cultures to describe processes controlling solute uptake and release by cells. Conduct laboratory
culture experiments with field samples and isolates from natural planktonic and periphyton
communities and generate biological transport models for testing and eventual incorporation into
comprehensive water-quality models.
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PROGRESS: Two publications from our project deal with the importance of considering, even in
oxic waters of San Francisco Bay, the competition between dissolved sulfide complexation and
dissolved organic carbon (DOC) interactions in regulating trace metal speciation (bioavailability). In
place and laboratory flux chamber experiments in 1992 and 1993 are consistent with initial sulfide
distribution data indicating a consistently positive dissolved sulfide flux from the sediment. Vertical
dissolved sulfide distributions in 1993 (post-drought period) were consistent with 1992 data (that is, a
primary benthic source) even during and after the major spring phytoplankton bloom of 1993. In
contrast to sulfide fluxes, and like fluxes for DOC, trace metal benthic fluxes showed a shift in
direction. This is contrary to trace metal fluxes estimated on the basis of residual modeling terms and
provides the first direct determinations for metal benthic fluxes in the estuary.

In contrast to recent marine chemistry reports, minimal ionic strength effects were observed up to 0.7
molar (that is, seawater ionic strength) on the efficiency of oxidation of the major carbon sources to
the northern and southern components of the Bay. Results were further supported by experiments
using chemically defined fulvic acids, and by participation in the Joint Global Ocean Flux Study
(JGOFS) International Intercalibration Program. This work, accomplished in cooperation with the
California District, has direct implications on our understanding of carbon budgets and metal
bioavailability within complex estuarine environments.

A dedicated issue of the journal Estuaries was published on "Trace contaminants and nutrients in
estuaries” (v. 16, no. 3A). The issue examined process interdependence in estuarine studies involving
both inorganic and organic solutes. Contributions to the issue involved estuarine research conducted
throughout the world including papers resulting from work within the Toxics Substances Hydrology
Program in San Francisco Bay.

In addition to collaborative work with the California District, work with the Idaho District was
initiated to: (1) determine dissolved trace metal distributions along a longitudinal DOC gradient within
the Coeur d'Alene Lake Basin (a mine drainage area), and (2) determine trace element effects on
dominant phytoplankton species isolated from sites along that gradient (for example, our initial results
indicate a temporally consistent gradient for dissolved zinc between 2 and 600 nanomolar with a 3,600
nanomolar point source, the Coeur d'Alene River, to the lake). Although the phytoplankton
community structure along this gradient is expectedly different, there are actually major species
common to the sites. There is obvious concern about ecological implications for the lake and its
fisheries, because in our previous laboratory studies, nanomolar zinc ion activities have significantly
retarded the growth of certain freshwater bioindicators. The area has been proposed as a future
NAWQA site.
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TITLE: Environmental Influences on Estuarine Benthic Community Dynamics (WR 86-192)

PERSONNEL: Frederic H. Nichols, Project Chief
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ADDRESS: U.S. Geological Survey
345 Middlefield Road, MS 472
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TELEPHONE: (415) 329-4411

PROBLEM: (1) Benthic invertebrate communities, composed of sessile, relatively long-lived species,
provide a record of effects of short- and long-term environmental changes through species composition
and abundance changes. Thus they are often used as water-quality indicators. However, their use in
water-quality studies requires assumptions that communities remain at steady state except when
influenced by human activity. Long-term studies show that natural variation over a variety of time
scales often masks human-induced changes. (2) Estuarine benthic communities, often dominated by
suspension feeders, have an unknown but potentially large controlling effect on phytoplankton
biomass, and thus may be important in limiting eutrophication.

OBJECTIVE: (1) Characterize long-term patterns in estuarine and coastal benthic communities, in
order to determine the contribution of natural factors (climatic events, seasonal/interannual patterns of
runoff, water chemistry and circulation, sediment texture and stability, and food availability) to
community variability, and to assess the contribution of human activity (waste contamination, control
of river runoff) to the remaining unexplained variability in community dynamics. (2) Measure,
through field and laboratory studies, the processes which determine the rates at which invertebrates
remove phytoplankton from the water column.

APPROACH: (1) Quantitatively sample the benthos at regular intervals through time (and obtain
access to data that have been collected by others) at fixed locations in various estuaries and nearshore
habitats. Statistically analyze data from these samples for short- and long-term patterns of change in
community structure and correlate these patterns through time-series analysis with both natural
environmental factors and anthropogenic factors associated with the water column and sediment. (2)
Determine the link between benthic community processes (feeding, respiration, substrate disturbance
and stabilization) and changes in the water column (changes in planktonic biomass, nutrients, and
organic matter) through field-manipulation experiments with transplanted animals and through
laboratory experiments with individual species and intact infaunal communities in flumes that simulate
changing field conditions.
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PROGRESS: To quantify ecological responses to natural environmental perturbations—for example,
responses to short- and long-term variations in river flow and to contaminant inputs—we continue to
characterize long-term patterns in the structure and functioning of the benthic community at fixed sites
in both northern and southern San Francisco Bay.

Now that the long California drought is over, we have been able to answer the question about the
effect of Potamocorbula on phytoplankton abundance in the northern bay. The reduction in the
phytoplankton was hypothesized to be due to (1) an increase in grazing pressure by the arrival of the
new clam or (2) some physical or chemical change related to the reduction in freshwater inflow into
the bay during the drought. Our data confirms that Potamocorbula is the likely cause of the
disappearance of the annual phytoplankton bloom: Potamocorbula survived the return of normal
runoff (particularly during the wet winter of 1992-93), and the predrought, pre-Potamocorbula
summer phytoplankton bloom has not returned. An estimate of secondary production for
Potamocorbula at six representative sites shows that the clams are capable of consuming all of the
phytoplankton produced in these areas and that Potamocorbula is also using some other carbon source
as food, probably river-borne freshwater algae or detritus.

We are continuing the study of the growth of Potamocorbula and other filter feeding bivalves in South
Bay to determine how the spring phytoplankton bloom is linked to the growth cycle of the benthic
organisms. A joint study with Stanford University has shown that the timing and the magnitude of the
spring phytoplankton bloom is due to the relative density of the benthic filter feeding organisms in the
shallow and deep water. The key factors for bloom development are lateral transport, benthic
grazing, and photic depth. The previous 3 years of benthic biomass data show the lack of a
phytoplankton bloom in fall, when physical conditions appear to be conducive to bloom development,
maybe due to the large biomass of benthic filter feeders during this time of the year.

Both of these studies demonstrate the susceptibility of the estuary to the effects of introduced species.
It is worth noting that one of the newest species introductions, the Atlantic green crab Carcinus
maenas, may now be consuming large numbers of clams in the shallow water in South Bay; this
could, in turn, influence the occurrence of fall phytoplankton bloom; would this lead to hypoxia? The
physical conditions are certainly right for this to happen. These questions are being examined.

Finally, our studies of bivalve filtration rates in the flume have demonstrated clearly that these benthic
filter feeding clams change their feeding behavior in response to varying water velocities; for
example, they elevate their position in the sediments in slower water currents thereby increasing the
turbulence and transport of food to each individual. These studies have clearly shown that using
filtration rates that are measured in nonflowing water may result in large errors.
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PROBLEM: Sediment moves through a river system in response to specific events and
changing conditions in the drainage basin. The movement of sediment is usually discontinu-
ous. Episodes of movement are separated by periods of storage that can range from less than
1 year to more than 1,000 years. Understanding the movement and storage of sediment in
rivers is important to navigation, flood control, and other aspects of river engineering, as well
as to the prediction of the fate of contaminants absorbed on sediment particles.

OBJECTIVE: Assess (1) changes in river-sediment loads over periods of decades or longer
and the factors (natural or artificial<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>